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S>iilce et Decorum est pro patiia moci 


B. J. Woodhouse, M.A.. P.L.S., 

Economic Botantmt to tho Govmrnmmni of Bihar and Oriata. 

Born. 15th November. 1884. Died of wounds in France, 18th December. 1917. 

e He >K e 

Hugh Southern, M.A., 

Dmouty Director of Atricutturo^ Punjab. 

Reported missing. April 1916. and officially 
Born, 17th January* 1886. declared to be dead. July 1918. 


The Moon of Peace has risen midst the dark clouds of War 
and dispelled the gloom which has so long prevailed. But in 
the case of two members of our department the words of 
Omar may not inappropriately be applied— 

“ The Moon of Heav’n is rising once again : 

“ How oft hereafter rising shall she look 

" Through this same Oarden after me — in vain I ” 

Of the members of the department who went forth to 
fight their country’s battles two have made the supreme 
sacrifice and will not return to us. Woodhouse sleeps his last 
sleep in the West: the grave of Hugh Southern “no man 
knoweth.” 

Now that hostilities are over, I am sure that members of 
the department and other friends will wish to perpetuate the 
memory of these young officers. I propose therefore to open a 
subscription List with a view to establishing in the Lyallpur 
and Sabour Agricultural Oolleges memorial prizes bearing 
the names of the fallen officers. Personally 1 favour a general 
contribution, to be divided equally between the two oolleges, 
but if subscribers prefer, their donations will be allotted to a 
particular college. 

Donations should be forwarded to me at Pusa and will be 
acknowledged in the Journal. 
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MATERIALS FORA POLICY OF AGRICULTURAL 

EDUCATION. 


H. M. LEAKE, M.A., F.L.S., 

EcAmornic to the Government and Principal^ Agricultural College, 

C awn pore. 

Myself when yonnjj did eagerly frequent 
Doctor and Saint and heard great Argument 
About it and about : but evermore 
Came out by the same Door as in I went. 

In perusing the voluminous literature which has arisen on 
subjects educational, the quotation which heads this paper comes 
somewhat forcibly to the mind. T am not oblivious to the retort 
thi)t this statement obviously raises, namely, why then add to that 
volume ? I have failed to find an answer which satisfies myself, 
and am fain to admit that it is probably of the same tenor as that 
to the riddle of our childhood — the riddle I do not remember, but the 
answer was to the effect that the other donkey did so too. There 
are certain thoughts, however — perhaps more suitably termed 
criticisms - which so constantly arise in such perusals that I am 
tempted to assume the role of the other donkey and commence with a 
few general observations which will lead on to the more special 
subject of agricultural education. 

In all educational institutions we have two factors- the pupil 
and the teacher ; the former, owing to the system of teaching in 
classes, a multiple, the latter a single,” intelligence. This condition 
too often offers the mental equivalent of a boat’s crew. In training 
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a crew for a race the coach has to think of the crew as a whole and 
attempt to raise the average physical fitness to the highest point on 
the day of the race. For this purpose certain members will be over- 
trained or “ stale,” others under-trained. The system of training, 
consisting as it does, or did in my own college days, of combined 
exercise in the boat, and individual exercise, known technically as 
swinging, affords a certain amount of latitude in adapting this system 
to the individual capacities of the oarsmen. Add to this the fact 
that the rowing age is an age of discretion where the oarsman is 
capable of interpreting his own feelings and expressing them to 
the coach, and it becomes clear that the training for a race is a 
system interpreted by a coach, or teacher, who is aided and checked 
by the intelligences of the individual members of his crew. The 
similarity of the conditions of the teacher with his class, to those of 
the coach with his crew, is sufficiently near to mask the essential 
and great differences, and this similarity is emphasized by the 
examination system which fixes a culminating point for the edu- 
cation. For, just as the crew is judged by the result of the race, 
and as the coach attempts to have his crew in the pink of condition 
on the day the race is rowed, so the teacher attempts to have his 
class so mentally equipped on the day of the examination that it 
will show the best advantage. To do this he, too, adopts a system 
and, to the extent that the class system, by which the pupils are 
distributed to him, and the examination system, by which he and 
his pupils are judged, become standardized, that system also 
becomes standardized and impersonal. 

The force of the comparison, however, lies not so much in the 
points of similarity as in the differences, and this aspect will repay 
a brief consideration. The crew is judged by its combined effort 
which is the resultant of the individual efficiencies of the members 
of the crew. In the* case of the examination, on the other hand, 
there is no combined efforts- the individual efficiencies are not 
interdependent and the teacher will be judged differently according 
as major stress is laid on the average number of passes or on the 
standard attained by the most intelligent pupils. This difference 
may be expressed in another way. While the judge at the winning 
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post of the boat race has no personal influence on the result of the 
race and, through it, on the coach and the system of training, the 
judge in the examination, in other words, the examiner, according 
as he frames his questions and considers the answers to test tlu^ 
general standard of the class or to pick out the best pupils, will ha\'e 
a material influence on the teacher and his system of teaching. 
Of the former t)q)e, the examinations, as conducted in this country, 
are perhaps the most typical examples, while, of the latter, the 
scholarship examinations, as conducted at the older English universi- 
ties, afford a good illastration. The former appear to be the sounder 
in that it will aim at the maintenance of an average standard of the 
combined teaching, within the understanding of all the students, 
about which individual exercises, adapted to the individual intelli- 
gences, can be built. The latter type of examination forces the 
standard of the combined teaching to the level of the highest 
intelligence too far above the level of the weaker intellects for 
any system of individual exercise to be of value. 

Again, I have stated the members of the crew have reached an 
age of discretion. They are in a position to judge by their feelings 
their physical fitness ; they can convey those feelings to the coach 
who can modify the individual training accordingly. The pupil 
is in no such enviable position. He is not a judge of his own mental 
condition and the teacher is, thus, to this extent at a disadvantage, 
when compared with the coach, that he has to interpret his 
instruction in terms, not of his own intelligence, but of that of his 
pupils. This to my mind is a point rarely realized and realized 
with the utmost difflculty. Again and again I have listened to 
reasoned and logical arguments on courses of instruction the reason 
and logic of which, however, appeals to the adult mind, and 
I have found it impossible to avoid wondering, as I listened, 
whether the speaker had not assumed in his pupils a mind as logical 
and as accustomed to reasoning as his own. The danger is, in fact, 
very real that, in evolving a system which is reasoned and logical, 
the teacher is evolving one which, by that Very fact that it is reasoned 
and logical, will appeal to the adult and not the pupil mind. He has, 
in fact, failed in one of the main functions of a teacher, and he 
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lacks the capacity of projecting himself into the position of the 
pupil. 

There is yet a third difference in the comparison I have drawn. 
The coach’s efforts are concentrated on the race and on turning 
out his c-rew on the day in a condition as near physical perfection 
as possible. It is no concern of his if, on the evening after the race, 
the stroke dines not wisely but too well, and is later arrested for 
obstructing the police ; nor does he care if another member of the 
crew spends the rest of the day smoking till he becomes ill. The 
teacher is in a totally different position with liis pupil. He does 
not, or should not, lose interest in his pupil on the day the examina- 
tion result is published, though this is perhaps too frequently the 
case. A teacher who does this is not worthy of the post, and it is only 
necessary to consider one of the objects of education, and that is, to 
render the individual a useful citizen, to make this clear. 
Education has missed one of its main functions if it will not 
prevent the man who successfully passes the final examination from 
developing into a pick-pocket. 

By the above comparison I have attempted to bring into 
prominence one aspect of the educational problem, and one which 
is frequently overlooked, namely, the insignificance of the system 
compared with the individual. My statement that this aspect 
is overlooked may be called in question, and it is true that 
recognition is frequently accorded to the point. I cannot help 
thinking, on the other hand, that, in this country, as in others, iu 
the distribution of educational finance and in the grants lavished 
by Government for educational development, which are largely 
earmarked as non-recurring and are devoted to the erection of new 
school buildings, too much attention is given to the numbers of 
schools kiaching a standard curriculum, and too little to that 
improvement of the pay and prospects of the teachers which 
alone will attract a better class to the profession and thus remove 
the necessity for that rigid standardization which stultifies the 
individual initiative— so essential to real education— of the teacher. 

The above considerations are of general application ; that is, 
they apply to the educational problems of any country, but from 
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this point my argument proceeds along two lines, and deals more 
particularly with the problem as it appears in this country. 'I’he 
first of these deals with the tyjie of education, as influenced by the 
conditions of the country, the second with the limitations imposed 
by the system of educational finance. 

One of the functions of education has been already stated* 
namely, to render the individual a useful citizen. That may be a 
highly materialistic aspect, but tlie modern woild is materialistic, 
and a country, if it is not to be left behind in the international 
race, must be materialistit;. It is difficult, if not impossible, to 
find a brief definition which will cover each and every function of 
education, and the above will, perhaps, serve as well as any for a 
starting point. Now it is obv'ious tliat the world would not be a 
satisfactory place to li^'e in, if e\'eryone were educated to the clerical 
profession. The clerk is a useful person, but once the number 
exceeds that necessary to carry on the essential clerical work, there 
must be a number of jjersons who are failing to fulfil that 1 unction. 
It may be that there is here a confusion between education and 
training, but I think not, though 1 admit the line of demarcation 
betw<^en the two is not readily drawn. Education t hen, considered 
from a national aspect, must be diverse, and, in its practical aspect, 
consists in placing befoie the youth of the country the essentiids for 
the deVelopnumt of the mind in a lorm which will h‘a\'e the individual 
in a condition in which he will render useful s(‘rvice as a citizen. 
In former times the guiding factoi’ in the choice of a profession was 
mainly parentage, the son following the trade ol the. father, and 
this is stiU Very largely the (ais(^, especially in more backward 
countries. But modern thought the result of compulsory educa- 
tioii- is increasingly in favour of equality of chance, irrespective of 
birth. ^Vithin wide limits, therefore, the diversity of education 
should be so disposed as to place within reach of each individual 
a form of education suited to his probable future life. A more 
detailed consideration of the true meaning of this statement is 
desirable, since it is here, I think, that the fallacy contained in the 
modem claim for equality of chance, and in the various economic 
doctrines arising therefrom, is most readily exposed. 
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In the various professions by wbicb the individual earns a liveli- 
hood, the labour expended is rewarded in very different measure 
in the apportionment of worldly goods, and, with the materialistic 
aspect of modern life, the professions tend to be judged by this 
standard and b) be desirable in proportion to the measure of these 
goods received. Equality of clxance in practice, therefore, implies a 
claim on the part of every individual to an education fitting him 
for the Jiiost lucrative profession. Now it is perfectly clear that 
the world would not be a fit place to live in if every individual were 
educated for the legal profession. Food and the thousand necessi- 
ties of modern life have to be produced by human labrnir, and for 
that labour the education I have taken, as example, is unsuited. 
Equality of chantie, therefore, is not obtairuible by the provision of an 
education qualifying for the most lucrative fields of employment. 
The alternative, the equalizing of the rewasd, while perhaps not 
theoretically unsound, is practically unattainable. It is only 
necessary to attempt to picture the economic condition of a country 
in which the farm labourer receives, say, Us. 1,000 per mensem,* 
to understand liow far we are from obtaining equality of chance by 
this means. The fact is, such equality is an ideal, probably 
undesirable and, certainly, practically unobtainable. Labour of 
the brain always has been, and will continue to be, more liberally 
rewarded than labour of the hands, though change may occur in 
the degree of divergence. Equality of chance is, thus, a fallacy ; 
nevertheless the idea has an underlying basis of truth. That truth 
is, 1 think, this. While, for the majority, it is desirable that an 
education shall be provided which will fit them to fill the station 
they are most likely to occupy in life, namely, that into which tliey 
are born, modern thought demands, ajxd rightly demands, that 
the individual should not be bound by the accident of bii-th. Far 
from this meaning that each individual has a claim to the highest 
form of education, it implies that a ladder should exist by which 
individuals in any particular station can ascend, if so fitted, to a 


* The same condition will be reached by assuming the High Court Judge to be paid 
Rs. 7 per mensem, tho essential fact being the relation between cost of production and 
purchasing capacity — ^that is, relative, and not absolute, values. 
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higher one. Advancement is, thus, not an inherent right, but 
the reward of merit. One error running through educational 
discussions and educational schemes is the misplacement of these two 
objects of education -the conversion of the ladder provided for the 
gifted to a broad staircase for the mediocre. The effect of this 
error is to be seen in most countries, but in none, perhaps, more so 
tlian in this. The average individual is led to expect, regardless 
of economic laws, an education fitting him for a station into 
which he was not born and, in after life, a remunerati\’e field in 
that station. The inevitable result is disillusion and discontent, 
the source of half the social unrest in this and most advancing 
countries. 

I thiiik we have now reached a stage in the argument which 
will enable us to provide a truer view of educational aim. it is 
that the main, and major, educational object should be to prox ide 
an education which will leave the individual a useful citizen m the 
sphere in which he was born. The educational ideal, contained in 
the above, is to inculcate in each individual that hal»it which is 
briefly and succinctly given in the catechismal saying, “ to learn 
and labour truly to get my own living and to do my duty in that 
stage of life into which it shall please Uod to call me.’'* It may 
be argued that that attitude is incompatible w'ith ambition, the 
desire to ascend, but 1 think not. That desire may exist alongside 
the ready acceptance of the fact of failure. But while 1 insist that 
this ideal should form the main object of educational policy. I am 
equally certain that that object will only be completed by the 
provision of what has been termed a ladder, but a ladder so hedged 
about that only those suitably equipped may asceird. 

If the arguments adduced are sound, it follows that in any 
country the type of education most aunmonly found, should be 


* “To do your work honestly, to die when your time comes and go hence with as clean a 
breast as may be — ^may these be all yours and ours by God’s will. Let us be content with out 
status, telling the truth as far as may be, filling not a very lofty but a manly and honourable 
pai-t.” 

In turning over the pages of Thackeray’s Essays and Reviews " during an idle half 
hour I have, sinoe this article went to the press, chanced to light on the passage e.l ove quoted. 
It is one which would be hard to equal as a definition of the educational ideal. 
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adapted to fit individuals for the occupation most commonly 
practised, and it is only necessary to glance at the figures to appre- 
ciate how far education in this country is from the ideal I have 
outlined. 

In the United Provinces “ two-thirds of the population are 
supported by agriculture, and there is no single occupation which 
supports one-tenth of this number of people.” In actual figures 
these are divisible into the following main classes : — 

Zeniindai's, non-cultivating 
,, cultivating 

Tenants with some occupancy rights 
,, ,, no occupancy rights ... 

Sub-tenants 

Labourers 

While the latter two roughly constitute a class whose standard 
of living is such that the children have to begin to take a share in 
the family labours at a very early age, and for whom, therefore, 
the simplest primary education is all that can be provided, a veiy 
large propcu’tion of the lemaindcr occupy a position, such that the 
children are not compelled to earn a livelihood till the age of 17 or 
even later, and for whom it is desirable, both on individual and 
communistic grounds, to provide an education fulfilling the con- 
ditions I have laid down. I have said on individual and commu- 
nistic grounds individual, because the world’s progress is afl'ecting 
agriculture equally with other occupations, and that man will succeed 
best who most clearly appreciates this progress and most quickly 
profits by new markets opened to him ; communistic, because 
sound development of a community is only obtained by equality 
in the rate of educational progress of its several component parts, 
the unsoundest form of development being that where a small 
minority progresses while the bulk of the population stagnates. 

There is thus a large community, probably larger than any 
other single community of the province, in a position to benefit by a 
suitable form of agricultural education. This state may be compared 
with the educational facilities provided, and in doing so care must be 
taken to distinguish between teaching agriculture, and education 


600.000 
... 3.000,000 

... 10.600,000 
... 10.280,000 
... 2 , 000,000 
... 4.500,000 

Total ... 30,750,( K )0 
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fitting the student to return to the land. The punt need hardly 
be laboured ; the literary nature of the mass of the secondary edu- 
cation, unfitting the student for practical work of any nature ; the 
location of the schools in urban surroundings, accustoming the 
student to a social life he cannot obtain at his home and replacing the 
healthy out-door life of the individual by the artificial s]X)rts of 
the play-ground of whic^h, though a true admirer, I recognize the 
limitations whit^h include a dependence on companions for the 
supply of his physical recreations are too well known to require 
further de\'e]oj)m<uit. It is true attempts have been made to 
introducfi agricultun^ into the school curriculnm. 'I'hese, liowever, 
come to grief from failure to distinguish between teaching 
agihiulture and su])plying an education suiting the pupil to return to 
the land. It is not realized tliat tins student truly from an agri- 
cultural stock knows a great deal about practical agriculture, iisually 
a good deal more than the master ])rovided under such conditions 
to teach it, and s\ich attempts as have been made hitherto to rectify 
the educational deficiencies indicated have failed from this cause*. 

Oil tlie first line of mv argument, therefore, w<! have arrived 
at the conclusion that the present educational system totally fails 
to satisfy tlie necals of the largest single element, if not the major 
portion, of the community. It is true there is an agricultural 
college, but that is a coping stone without the underlying structure. 
Moreover, the position of a colh^gt*. will be more clearly understood 
when the second line of argument has been developc'.d. 

Educational effort, like every form of endeavour, is limited by 
financial (Hinsiderations. 'J'he necessary funds are obtained in 
a variety of ways. In many cases, as in the older universities 
and public schools of England, the funds arise from endowmients, 
a system well illustrated by the munificent gifts which ha\'e been 
made for education in the United States. In others, of wdiich 
the primary educational institutions of England and a large pro- 
portion (tf those of this country .are examples, the funds an; provided 
by Govermnent. In the fonner case t he trustees are the sole arbiters 
in any question as to the disposal of the available funds, and the 
primary consideration is the degree to which the founders terms 
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are complied with. In these cases, there is no question of a financial 
return, the trust is complete with the fulfilment of the conditions 
imposed. Where, however, the funds are provided by Government 
the position is different. Government is merely in the position of 
trustee for the countiy, and it is its duty to see that the country 
receives the fullest measure of return for the expenditure involved. 
It is no part of my argiunent to justify the expenditure of public 
funds on education, that is generaUy admitted ; my concern is 
with the measure of the return received, with relative, rather than 
with absolute, values. There can be little doubt of the relative 
value of the two classes of education ; that which, on the average, 
fits a man for full development in that station in which he lives 
and has his being, and that which compels him to seek, among 
fresli fields jiiid j)astures new to him, his means of livelihood. The 
former is a ])rocess of gradual evolution of the individual, which 
allows for development owing to the gradual interaction between 
the individual and his surroundings ; the latter partakes of the 
nature of thrusting hot glass into cold water, a process ending 
usually in the destruction of the glass vessel. 

The true error in the educational system of this country, as 
I conceive it, lies in the fact that it has hitherto developed along 
lines which render it unsuited for the largest single element, if not 
for the major portion, of the population. This is no complaint 
that the educational facilities are excessive, but it is4k very definite 
statement that the fullest measure is not being obtained for the 
funds expended. This is not merely based on negative considera- 
tions implying merely a W’aste of funds, such would be the case if 
the schools and colleges were filled by the sons of the clerical and 
learned professions ; it implies more than tliis, the expenditure of 
funds on directions actively harmful ; for, by failing to provide 
an education fitting tlie son of the landholder to remain on the 
land, the system drives sucli persons into a line of life for which 
they are unfitted, and in entering which they become as the hot 
glass to cold water. What is needed, and urgently needed, is 
the development of a form of education which wiU leave the average 
country youth fitted for life in the surroundings in which he is 
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bom ; there is ample scope in such surroundings for the educated 
mind to find full and useful employment and to fulfil the role of a 
useful citizen which we have laid down to be one of the main 
functions of education. 

It is open to argument that I am here labouring to prove a 
point, the importance of which is already sufficiently recognized. 
In part that is true ; the recent conferences on agricultural 
education, the first held two years ago at Pusa, and the second last 
year at SinJa, indicate this. The “ memorandum showing what has 
been or is being done to impart agricultural education to the sons of 
cultivators,'’ published in coimection with the report of the last 
conference, however, shows what a relatively small aniomit of 
effort has been devoted to this aspect of education. Mor is my 
main object to supply this proof. I am tempted to think the 
difficulty has lain not st) much in the recognition of the fact as in the 
recoguitit>n of what constitutes a suitable form of education. The 
arguments I liave hitherto adduced may incidentally prove this 
jK)int, but that proof is only incidental. Their main advantage 
lies in the fact that they provide a pt)iut of view which will, 1 think, 
help to j,)oint a way to a solution of so)ue at least of the practical 
difficulties involved. 

I have tried to show that, at least where the funds are 
provided from public souices, there is a very definite financial 
limitation to ”1110 method of disposal. This will become clearei' on 
considering a concrete case. The Cawnporc Agricidtural College 
has a four years’ diploma course limited U) 25 students per year, or 
a total of 100 students in residence. The college budget is Rs. 43,000, 
but this is clearly an under-charge, as it excludes all charges on the 
botanical and chemical sides, which are budgetted jointly with 
research, and it is merely the recurring charge without allowance for 
interest on capital charges or depreciation on building accounts. It is 
probable a figure of three-fourths of a lakh is not an o Ver-estimate — 
that is, a cost of Rs. 750 per annum per student. The question is, 
under what circumstances is the expenditure of this sum of public 
money justified ? It is always difficult to argue with any degree of 
conviction as to the justification of expenditure where the return is, 
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as in this case, indirect. The subject is, therefore, best approached 
from a different aspect, and there are two such. The first is to 
discover tlie circumstances under which that return will be a 
maximum, and the second to consider the class of applicant now 
seeking admission. 

The justification of the Agricultural Department must be found, 
in like manner, in the improvement of the economic conditions 
of the country, and no doubt the expenditure on the college is 
justified to some e.xtent by the necessity' of training members for 
that de|)a,rtment. That, however, is a minor matter, two only, 
out of tJie 2;> students annually admitted, being admitted to the 
service. Were that the only object of the college, it would appear 
possible to find a moie economical method of recruitment. The 
truth is that the ultimate justification must be found in the future 
care(M‘ of the 23 lemainiug studeixts. 

Now, coiisideied ill a relativ'e as[HH.'t, it cannot be iloubted 
t hat a single zemindar, possessor of several villages, who takes a 
jxnsonal interest in his estate and who is progriissive, by reason of a 
liberal education such as the college is now in a position to give, is 
potentially a far greater asset to the country than the small zemindai' 
or tenant (uiltix'ating a few bi(j/i<(.s. In the former case the gain 
is not limited to the actual money' value of the better crops produced, 
and of the extra, gain due to better business methods, great though 
this may be. llis property fortius a jiractical demo lustration which 
must' have some influence on the surrounding country'side, and 
he himself becomes an unpaid propagandist of new methods. The 
latter, on the contrary, can do little more than grow better and 
more \'aluable crops, and he possesses little of that which we may 
briefly' sum up as influence. The college will be filling its function 
to the full, therefore, only when the main source of recruitment is 
the zemindar class, a idass relatively small, perhaps, but numerically 
large and potentially powerful. It can hardly be doubted that 
a college with students so recruited would be in a position to do 
more to improve agriculture and the economic conditions of the 
countryside, on which that imjirovement so largely depends, 
than one with students recruited from any other source. It is 
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the condition in which the college will most fully justify its 
existence. 

That, at least, is the aim I have set before myself since I have 
been in charge, of the college at Cawnpore. It is, for many reasons, 
an aim not immediately realizable. The larger landholders are 
mostly non-resident and have more immediate interests. The. 
smaller ones are shy and frequently insufficiently educated. For 
the present it is sufficient if a few only of this class come, and it 
is a hopeful sign th<at this is the case. 

The majority of applicants at the. present time are, neverthe- 
less, men merely seeking Government appointment intennixed with 
true agriculturists, petty zemindars or tenants. Frequently the 
application is accompanied by an appeal for a stipend. With the 
former T have no concern, they are not the type of student for 
whom there is any opening. The latter, however, foim 1 lie class 
to Avhich the department looks for its recruits and the admission 
of a few is justified on this ground. The claim for a stipend is a 
different matter, and as it is here that the financial aspect receives 
its clearest demonstration a short digression will not be aniLss. 

To any one wlu' has luid to deal with the sclectioji of students 
for admission to a college t he frequency with which poverty, as a 
ground for admission acconi|)anied by financial assistance, is ad- 
vanced will be well known. The fallacy of such a claim has. as far 
as 1 am aware, never been shown up; it is c<*rtainly not g('ucrally 
recognized. A\ hat applies for om* applies to all. Wcue jxiverty 
to constitute, in one case a claijii to admission to a college with a 
stipend, every youth of suitable age would be justified in demanding 
this concession, and the collegiate education would become th(' 
standard the State is called upon to piovide. 'riu'i cost, jfiaced at 
Rs. 750 per annum in the case of the colh'ge, to the State is chfaiiy 
prohibitive, and those persfins who advance such a claim forg('t 
that the money to provide the education and stijiends ultimately 
comes from their own pockete. The fact is that sli])ends are only 
justified in cases where poverty appears as a chiaic to an ability, 
to the possessor of which a college course will open a useful and 
profitable career. 
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I have now attempted to define, by reference to the Cawnpore 
College, the legitimate function of such an institution. That func- 
tion is, to a certain extent, based on local conditions, and is not, 
therefore, necessarily identical with that of other colleges. The 
same financial consideration, however, underlies all, and the college 
aspect can never do more than touch on the fringe of the problem, 
reaching as it does only the numerically smallest class of persons 
connected with the land. If the true function is performed, however, 
the college will be the means of providing, in the departmental 
district officers and in the progre.ssive zemindar, two agencies of 
effective agricultural development. The speed of introduction of 
improved methods is, however, a reciprocal process dependent not 
only on the skill and energy of the instructor, but on the receptivity 
of the instructed. While, therefore, the college is providing for the 
former, the latter is in no way provided for. The form of education 
provided is tot) expensive for the mass, it is moreover collegiate.* 
What is here required is a cheap form of secondary education, 
complete in itself and complete within the limits provided by the 
age at which the average boy leaves school. In the United Pro- 
vinces the sole attempt hitherto to provide an education of this 
type is in the vernacular two years’ course of the college. The 
institution of this course and its location at the college is admittedly 
a temj)orary arrangement and the course suffers from many dis- 
advantages. In tlie first place, the age f)f admission is too high for a 
true secondary school, being the same as for the four years’ diploma, 
or collegiate, course. Secondly, in addition to supplying a course 
of instruction suited for the class which we are now considering, 
it attempts to meet the needs of the members of that class which 
I have shown the college should attract, but those members who 
possess insufficient knowledge of English to take that course, two 
aims which arc iiw'ompatible. While, therefore, the course has not 
been without its uses, it fails in several directions to meet the needs 
of the situation. In other provinces greatest progress in attempts 

* Or should be. Owing to the weakness of the secondary education, the teaching has 
to make up the dehcioncy and is largely secondary in character. 
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to solve the problem has, perhaps, been made in the Bombay Presi- 
dency where several vernacular agricultural schools are in existence. 
The cost of each pupil is stated to be Rs. 180 per annum, grounds 
which alone would place it beyond consideration for universal 
adoption.* The main problem, the provision of schools supplying 
an education fitted to the needs of the mass of the agricultural 
population and at a cost which makes possible their establishment 
in numbers sufficient for the accommodation of the available pupils, 
still awaits solution. 

The primary object of such schools will be tf> raise the recep- 
tivity of the younger generation of agriculturists and the method 
of attainment must be through education under conditions which 
retain the association with the land. This is a very different 
proposition to the provision of vocational schools, of which the main 
function is to impart technical skill. Tn the latter, technical 
instruction is the primary consideration, and theory is only taught in 
so far as it bears on the particular trade. In the fonner, it is true, 
subjects bearing on the vocation may, and do, form part of the 
course, but the centre of gravity of the instruction is shifted. I’hese 
subjects are taught for their internal value as a means of education, 
and the practical application is left to be drawn by a process 
of natural imbibition in the daily life. It is here, as T think, that 
the efforts which have been made to introduce agriculture into 
the existing schools have failed. 

Let us consider for a moment how an agricultui-al school of 
this t5T3e would be organized. The courses of instruction are to be 
educational and the students are to be introduced to an appreciation 
of a standard of country life, something superior to the ordinary 
village life they have known, by a process of familiarity. Although, 
therefore, not directly a part of the education, the conditions and 
their arrangement will form as, if not a more important section of 
the school organization than the purely educational section, in that 
they will form an essential of all such institutions, while modificatk)n 


* A boarding secondary school ^of the present typo^ costs approximately Ks- 6() per 
ftnniim for each pupil. 
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to suit the difieient grades of schools will be made in the educational 
courses. 

I will try and bring out the main features of such an organi- 
zation by a description of such a school as I conceive it. It is to 
offer a practical demonstration of village life under improved 
conditions, under which the student will live and have his being 
with a degree of intimacy that will render those conditions a normal 
part of his existence. Now^ the essence of village life is the family, 
living as a unit cultivating a certain area— greater or less according, 
in part, to the circumstances of the family, but, in part, also, 
according to the locality. Thus the holdings in the east are, on the 
average, much smaller than those in the west of the provinces, and 
allowance will have to be made for such divergencies. The school 
will now represent a village, the unit of communal life, composed of 
families, the unit of private life. Assuming a middle school with 
a five years’ course and the maximum age 17 or 18, the students of 
the senior class will each represent the heads of the families which will 
be made up of, roughly, one student from each year, giving in all 
five members to each family. The school will have approximately 
sufficient land to provide for each “family ” of five students an area, 
roughly, equal to the average holding of the locality. In this com- 
munity the headmaster and his assistants will play the rdle of the 
zemindar and his agents. He will apportion the farm lands among 
the families, issuing yearly leases at reasonable rents, and the 
family will then cultivate the land under his directions, actually 
performing the operations themselves. The next year a rearrange- 
ment of students in the “ family ” neceasitated by the head leaving 
and by the introduction of new admissions, combined with a redistri- 
bution of leases, will give ample opportunity for arranging that 
each student will obtain practical experience, during his period of 
residence of each of the crops cultivated. 

Before passing to the strictly educational aspect of the course, 
we may consider this proposal in some further detail. I have said 
the headm^ter will play the r61e of zemindar ; he will, if the scheme 
is to attain its full development, have to play many parts. As 
zemindar, I have stated, he will issue leases at reasonable rente. 
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It is not proposed that these rents should necessarily be paid. The 
headmaster should also organize the school as a co-operative society, 
of which the individual heads of families are members and from 
which the rent can be advanced. Koality can bo given by the 
pa)nnent of a nominal sum by each “ head ” for membership, but 
the rent and most other transactions, being dues to the headmaster, 
may be book entries merely. Produce would be similarly pooled 
for disposal on co-operative principles and may even be used to 
supply a co-operative store to supply the necessaries of life of the 
students. If payment be actually made by each student or by 
each “ head, ” a nominal bonus may be given, otherwise the transac- 
tions will, tlnoughout, be nominal as regards ctish values, but in all 
respects should conform with reality. Thus, the amount shown 
to the credit of a “ family ” for produce received should be based 
on the actual sum for which the produce was disposed. 

The above constitutes what I may term the environmental 
asjiect of the school ; tlie educational aspect may now Ije considered. 
This is an aspect which, more thsin any other, suffers from the 
danger of dogma, and, in the present case, it in no way differs from 
the general problem as it. appears in all educational institutions. 
It is a problem to which each individual will offer a different solution 
depending on his particular personal bent. Such solution as I 
shall offer is, therefore, of necessity so coloured. Education as 
found in this country fails in two directions— the first, practicality ; 
the second, accuracy. With the fonner I have already dealt ; the 
whole organization of the environment is aimed at developing this 
character. The latter must be developed in the class-room. For 
this purpose the following subjects seem best fitted : mathematics, 
associated with which may be lx)ok-keeping and accounts, and 
elementary physics. With these subjects emphasized, the remainder 
of the course will be composed of those subjects which foun the 
basis of the curriculum of the ordinary school, preference licing given 
to subjects which have some association with the life the students 
lead. Care, however, must be taken to teach each as a balanced 
subject without undue prominence given to their supposed practical 
aspects. Among such subjects I should place English. gcogra])hy. 
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]>liysiogi-ai)hy and elementary studies of plant life. In the alxjve 
course — and it is not desirable to go into greater detail at present — 
my main object being to develop principles rather than detailed 
schemes, the only direct point of contact between the environmental 
and educational sides of the school lies in the accounts, for wliich 
the books of the institution may well be used to provide practical 
examples. A comparisoix of this outline with, for instance, the 
cxirriculum of the Loni School, will bring into prominence the differ- 
ence I liave tried to emphasize. 

A pupil taking five years to pass through such a course would 
thus gradually imbilxe the practical aspect of agriculture ; would 
be gradually introduced to those conditions which tend to place 
the cultivator in a position of sturdy independence and self-reliance, 
and should, by the end of his school career, be fitted to return to 
his home and the reality of life with a sense educated to realize the 
more backward conditions and a will to remedy them — a condition 
of mind and body suggestive of a career as a useful citizen. Tlie 
information will, moreover, be learnt by a process of absorption 
from constant association, one of the essential conditions if the 
soundness of my contention is admitted. 

There remains the question of cost, the question whether the 
scheme will satisfy the .second or financial consideration, which it 
must do if it is to justify the expenditure of pxiblic funds involved. 
With 30 students in each class, a school of 150 Mrill be formed for 
which an area of 150 acres’ cultivation will be required if each holding 
is calculated at 5 acres. As most of the labour will be provided by 
the students, the labour bill will be small and the profit on cost of 
production should be considerable. In addition, there will be the 
capital charges and the cost of instructional staff. The former will be 
larger, but the latter not necessarily greater than the same charges 
of a school of the same standing but of the usual type. The 
unknown factors at the present stage are too numerous to make it 
possible to draw up a balance sheet which would approach any 
degree of peobability to the actual, but it seems more than probable 
that the cost would be, on the balance, low. One point at any rate 
is clear ; unless the farm is working at a profit, and a handsome 
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prolit, it will not be fulfJlhig i(« function, and wo have boio, ( horoforo, 
a very simple and practical test. 

One point remains to be considered, and it arises from what 
I ha\e said early in this article, in bringing out the difference between 
the coach and the teacher. However good the system is, it will 
never succeed in producing the desired result unless the agent, in 
this case the teacher, is competent to develop its potentialities. 
The aspect requires no enlargement, as its essential nature appears 
to be fully recognized and formed the subject of much discussion 
at the Simla Conference: For the present purpose it is sufficient 
to point out that the supply must be derived from the Agricultural 
College and forms a third legitimate field, additional to the two 
already described, of activity for the college. 

The proposals outlined above constitute a scheme for pro- 
viding for the educational needs of the largest section of the com- 
munity, and, as far as considered, suffices for the main educational 
function, to fit the average youth for a useful and contented life 
in the conditions under which he was born. There remains the 
second aspect, without which no educational system can be 
considered complete, that of providing a ladder by which those 
intellectually qualified can arise. If such a ladder is to be provided, it 
follows that a system of secondary schools leading to the University 
or to the Agricultural College must be introduced. On this subject 
the Simla Conference showed considerable diversity of opinion, and 
the probability is that the exact direction in which this vdll develop 
cannot be forecasted with any degree of certainty, and will depend 
on the exact form of school that is found to succeed. I will content 
myself with noting a single point. The type of school I have 
outlined contemplates the performance of the field-work by the pupils, 
each holding possessing a body of pupil labourers of decreasing age. 
If such a scheime is to succeed, and the practical work is to be carried 
out with that efficiency which will alone ensure success, the oldest 
pupils must have attained a physical development enabling them to 
do the more arduous field labour. That consideration would seem 
to indicate that greatest efficiency wiU be developed in those schools 
where the age limit is relatively high, and hence that the type is 
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best adapted to schools of the secondary class. The absence of the 
necessary physical power in the students of the Loni School was 
one of the points that struck me most forcibly in the one visit I 
was privileged to make to that school. It would appear possible that 
schools of this type would lead directly to the college, and that the 
ladder we desire would be provided in this manner. The truth 
is that the practical difficulties, not the least of which is the absence 
of teachers, are such that the development of such schools must 
be slow and will afford ample oj^jrortunity for gaining practical 
experience. It is not desiiable, therefore, at the present time t^ 
enter in too great detail inti) such matters. It is essentially a case 
for trial and experiment, the estalilislunent of a few schools of the 
type described and their gradual extension in that direction which 
experience shows to be most desirable. A¥hat is essential is a clear 
comprehension of the fundamental principles which underlie the 
problem — a compreliension so sharp that it can be used as a test 
during each stage in the experiment. To the best of my ability 
I have atbnnptod to supply the materials for such a test. 



PRESENT POSITION AND FUTURE PROSPECTS 
OF THE NATURAL INDIGO INDUSTRY. 


IV. THE EFEECT OF SUPERPHOSPHATE MANURING ON THE 
YIELD AND QUALITY OF THE INDIGO PLANT. 

By 

W. A. DAVIS, B.Sc., A.C.G.I., 

Indigo Research Chemist to the Government of India. 

In a preceding article^ I pointed out that owing to the rapid 
impoverishment of the Bilvar indigo soils during recent years the 
position of the indigo industry has become very critical. When 
the Java variety of plant was first introduced into Bihar extra- 
ordinarily high yields of indigo were obtained -sometimes as much 
lus 30 to 40 seers of 60 per cent, indigo per acre — but after two or 
three years the yield of indigo began rapidly to decline. The 
mysterious disease “ wilt ” appeared in 1907, characterized by the 
partial or complete loss of the khoonties or second cixttings and 
failure of seed croj)s. In my last article I showed that the failure 
of crops was progressive, becoming more and more marked each 
year until, in some cases, the yield of indigo was reduced by nearly 
two-thirds. Not only was there an increasing faihxre each year of 
khoontiea, but the moorlmi crop became of inferior quality and 
yielded less produce. In the years inmiediately preceding the war, 
as indigo became a less and less paying crop, the area under indigo 
was greatly reduced, and this to some extent relieved the situation 
by giving the soils a chance to recover, but the greatly increased 
growth of indigo which followed the outbreak of war in 1914 and 

^ Th$ Agric. Jour, of India, vol. XllX^ page 441. {Indigo Publication No. 2.) 

( 21 ) 
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its continuous cultivation during the past four years has again created 
a critical situation. 

A year ago, from a detailed study of the indigo soils of Bihar, ^ I 
concluded that “ unless su])erphosj)Jiate manuring is generally adopted, 
an enormous falling o^ in the ouipui of natural indigo will occur 
during the next few years,” just at the time when it is essential that 
produce should be at a maximum in order successfully to compete 
with the synthetic. This prophecy, I regret to say, has been realized 
this season at most factories. From repoiis which have been sent 
to me of the results of this season's moorhan mahai, in many cases 
the produce obtained his only been altoui, one-hilf that obtained in the 
corresjmidiny mahai laet year. Even where there Jut’S been a fair yield 
of aetml green plant per ttere, very little dye could be extracted from it. 
In several cjises the produce jxir acre has been less than o seers of 
cake indigo from Java plant, which, compared with the yields of 
30 to 40 seers which were obtained in the early days of the iirtro- 
duction of this plant in Bihar, is lamentably small. As one planter 
lias put it, “ The produce this year as well as the crop have 
been the worst on record.”^ In my last article I em})hasized® that 
in the year 1917-18 th(^ average yield of indigo per acre in Bihar 
fell off by nearly 20 per cent, as com])aicd with 1910-17 ; this ycai-, 
as I feared, the yield per acre will be far less than in 1917-18. 

'[’here is no doubt that the climatic conditio irs this year have 
been very unusual, and a series of analyses made of the growing 
plant, whicli will be published later, shows that the indican cimtent 
of the leaf has been unusually low. But that the principal factor 
in determiniirg high yields t)f indigo (nr>t merely of green plant i)er 
acre, but the produce from it) lies in the natiue of the available 

^ Indiyo Fublicutioit Nu. i, piige 6(i. 

* In this particular case the a<rtual indigo obtained was of far lower quality tiian that 
made last year. Wlau'cas last year the indigo made at this factory was veiy high grade, 
a larg(5 pioportion conlaining more than 70 per cent, of indigotin, seven sample.s out 
the fift«jeu analys(;d by me tlii.s year contained le.ss than firt p/r cent., and only two samples 
<-.onta.incd mor<^ than 60 per cent. It is very significant that aZi the. best dates Were from 
iSumatraua indigo and ciZ/ the woiv.t (in these the indigotin was Jess than 50 per cent.) were 
from Java indigo. 

3 The Agricultural Journal of India, voJ. Xlli, jit, 11, page 451. (Indigo Publication 
No. 2, pago 10.) 
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foodstiill’ m the sail at the time, the jdant iis giowu a]»])cai-H clear 
from the results which will now be recorded. 

The effect of .supekphospiiate manukincj on the viejj) of 

INOIGO PLANT PER ACRE ANJ) ITS RICHNESS IN INOICAN. 

During the past season only a. very few ])lauteis made trials with 
sujxvrphosphate manuring on their estates. But where such expei i- 
ments were made the results were very favourable and fully confirm 
the view 1 have so frequently expiessed that the depletion of avail- 
able phos})hate in the soil hies been the princ ipal cause of the failure 
of indigo crops in Bihar of recent years, and that by }uoper manuring 
it will be possible again to obtain the high yields of indigo which 
weie given by the Java plant when first introduced into Bihar. 
The following cases may be quoted : 

(1) Mr. L. AN'. Lydiard of Nawada, t'hamparan, repoiled on 
Gth June, 1918 : — 

*■ I sowed 4 acres of Java in lines for a seed cro 2 > in the first 
week of August (1917) and put in super a week before 
sowing. I got about 4 maunds an acre of seed* and cut 
the crop down at the end cd March and ha\'e now spkndid 
khoouties in the 4 acres, which I shall Ice cutting next 
w^eek, 3 feet high. I also ' sujrered ’ 5 acres of general 
crop Java, ])utting down tlie sujx'r at 2 maunds an acie, 
middle of !Scq)tember ; .sowed (jram and Java ten days 
later and got a very heavy Hatthia rain on it. 'J’hirteen 
acres were sown at the same time (that is H acres without 
super, 5 with). The gram crop was good in the five acres 
with super and a failure in the eight acres. The indigo is 
magnificent in the five acres and wretched in the eight acres. 
The lands are of <»ne and the same s<»rt and last 
year all of it gave a iKtor crop. I am getting three or 
four times the quantity of super this yeai'. Tt only 


* Tills 18 ail uiiibually good yield at the present time. Most est ates yit.'ld no x'ed at all 
or only about 1 mauud per acre. 
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super were available at pre-war rates, I should put it in 
all my zcral lands.” 

(2) Mr. A. W. Fremantle reported on 12th July, 1918;--- 
“I tried superphosphate to a snaill extent last seasoir- 
om acre {with super) gave 12 carls per acre moorhan as 
comjMred with the acre next to it which gave (1. The rest 
is in makai (maize) and hhadai dhaii. (rice) land ;urd the 
increase remains to be scnai.” 

(;l) Mr, E. Moore of Ilarah, Champaran, reported, on 9tli April, 
1918, th(! results obtained by growing Java indigo for 
seed, in one case with sui)erphosphate only, in tlui other 
with cow-dung as jnanure. 'Phe d(hails are as follows 

(a) With super: llarra Dih Zerat. Two bighas. SujK'r applied 
1 1 ma.uuds ])er l)igha, July 19th, 1917. Indigo sown 
August (itii. 'Potal yield of indigo seed -= 0 luaunds 
.‘to seers, that is J' irMunds 1 1’ I . seers per biglut. The 
plant was only slightly diseased and grew to the height 
of al)(nit 4 feet. 

{b) With cow-dung otdy ; Mohowahwara Zerat. Jwght bighas. 

Manured with cow-dung, and indigo sown for seed 
crop on 18th July. Total yield of s(;ed from the 8 
bighas = (J maunds 15 seers {that is oidg .11 seers jter 
biglia). The plant was badly diseased and about 
fetit high. 

It is clear from these results that manuring with cow-dung 
alone is not sullicient bj ensure a good crop of indigo seed under 
iwesent conditions of the soil. 

(4) Mr. F. B. Kobinson of iSagiampur, Bhagalpnr, writes (23rd 
August, 1918): ‘1 expiuiiiiented with this manure 
(.superphosphate) this year and with linu*., bavin g 
12 j Jots each of ,^„th acre. The plots {two in number) 
which had super in them were the only ones thut yielded 
any sort of crop of indigo.” In a later letter Mr. Robinson 
writes (15th Sejttember) ; “The effect of sujtorphosphate 
was wonderful, and I shall manure several acres this 
year.” Mr. Robinson gives the following summary of 
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the results obtained tui the small experinuintal ])lots 
(each jV,th aero in area). 


Manure on plot 

1 Produce 

i 

• IlKM.AKKS 

soers super 

bundles pla^t 

Plant 3 feet high and very leafy 

5 seers .super 

5 

Ditto 

17 luds. lime per bigha 

1 bundle 

1 About 1 fool high, hardly any loaf 

Si mds. liniO per biglia 

1 

Ditto 

No manure 

1 

Ditto 


The analyses of the Sagrampur soils are given iii f iiclirio Pahli- 
cal'nm No. 1. 'riiey diifer very strikingly from most of tlu; I’irhut 
soils in being very de.ltcient in lime as well as in ])hosphat(*. Maiiiir- 
iug with superphospliate at the rate of Iri mds. per acre iiua-oased 
th(5 yield of indigo five-fold, whereas the addition of lime alone gave; 
no increase of crop. 

(5) The most striking results with indigo, however, were 
obtained by Mr. 0. Moore of Moniara, Saran.* (Jji 
Juno 5, Mr. Moore reported : — “ As n'gards super- 

phosphate, after green-manuring with sannai I applied 
super and I am pleased h.) tell you the lands treated 
Ihius have a splendid crop of Java and it was poor laiuL 
I also Icept a chahla falloiv, of good quality : the Java on 
this is not so good as the other.'" 


* Mr. II. L. lUiss'*!! nf Suddowah, Sa ran. Juts ruportod tlu* cii -ot (»f su [» ‘i pImsphMf <• on 
oals duriiu; tlio }>aj>t suasou (atlv 1918) ; “Just a line to tell you that oir tlie L>w l)i<dias 

o£ oats wh(d-(> I put down ."UiKTidiosfdiatt' my <uitturu was 7^ inaunds pro’ hi^^dia. Mv lotul 
outturn on tlio r<Lst of tlut lands was 4J luauiids the bi^lia.” It sliouM lx* uotod that owiri<j; 
to the failure rams in the cold weather of 1917-18, tlu* yield of oals throughout Biiiar 
has been oxeejjtionally poor. Colonel V. N. lliekley (*lr<l May, 1918) has seni im- the follow- 
ing details with regard to the ulloct of sup.:r-iuauuring on the oat crop ai Oilin'. 

Averagi! n tui u of oats 
])(■!• higha 

JMaunds Suers 

boason 1915-191G . . ;No soot but 2 maunds super per biglia 12 21 

„ 1916-1917 .. „ „ „ 11 3 

,, 1917-1918 . . No super, no scot o 1 

As already stated the oat crop wa.s poor in Bihar this year owing to Jack of winter raias, 
and Colonel Hiokley states that “ in a normal season the outturn without super should have 
been 8 mauuds per bigha.” 
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At my request Mr. Moore made arrangements separately to 
maliai the indigo grown on the land manured with super and sannai, 
so as to compare the produce obtained from such plant with that 
grown on the same estate and at the same time imder other condi- 
tions of treatment. On July 17, Mr. Moore sent me the results given 
in Table I (pp. 40-41). On this date he reported I had very 
fine Java plant this year, but the best crop was oh the land green- 
manured and treaied with siii>er afterwards — not very high, between, 
o and a feet, but covered with leaf'" On August 23, he wrote : — 
“Khoonties I am sorry to say were a wash-out this year. What there 
are though are on. the suiH'.r-treated land,s which is satisfactory’' Mr. 
Moore’s results are particularly valuable in showing the enormous 
effect of proper nianurial treatment on the quality of the indigo 
plant— that is, its richness in indican and the “ produce ’’ it yields. 
As this side of the question has hitherto been largely overlooked, 
although of supreme importance, it is desirable here to consider 
the results in some detail from this point of view. 

The eppeot op manorial tre.\tmeni' on the quality op the 

INDIGO PLANT. 

The following Table (11) abstracted from the data in Table 1 
shows the yield of green plant ])er acre, the weight of cake indigo 
obtained per acre, the yield of cake indigo jx^r I0(i maunds of green 
plant, and’ the weight of green plant required to produce one maund 
of cake indigo under different conditions of manurial treatment. 



Yields of indigo from Jaca plant at Moniara under different mannrkd condition 
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Tile fellowing points stand out Very clearly as reganls tlie 
effect of conditions of growth on tiie quality and yield of produce 

(a) In the early June cuttings, a htrtnight after the break 
of the rains, the qimlity of the plant grown on super 
and sannai was far higher than that gnmn under 
other citnditions, as shoivn by the highest yield of 
cake indigo per KlU niaunds of plant* (viz., 13 seers 
15 ehataks). But at this stage the plant grown oji 
super anti sannai was not fully deVelojKsI and the yitdd 
of green plant 2 »er acie was lowtNst (94 uaiunds ptu' acre). 
'J’iu're was an enormous growth of jdant on the Ichaski 
land and on the land manured with st^i't-water, but 
although t he ]>iant was x'eiy tall it was of jtoor quality 
anti contaiiH^d little leaf. I The coustapience is that 
the yitdd ol cake indigo ])er lUO niaunds of jilant ivas 
very small (8 seers (I cJiatak an<l (i seers 11 ehataks 
in these two eases). On the land manured with sect- 
water there was a rapid fam'd growth of indigo, and 
the 2 >lant grew to a great height (8 feet), but theie 
was Very little indigo in the jdant. TIk' consequence 
was that it took 593 niaunds of green jilant to iiroduce 
1 maund of indigo as against 284 niaunds of the rivh 
jilaiit grown on siqier and saiuiai. 

'J'hc jilant grown on super and sannai was \'ery much 
better in qimlUy than ^ilaut grown on bi'hrr land which 
had not been treated with nianiiro, but left fallow for 
12 months- -as shown by the yield jier 190 maunds of 
plant being 13 seers J5 chatalcs as against 10 seers 
14 cliataks. 'Thus although the actual yield of ykuit 
])er aci-e was slightly less (94 maunds 0 ehataks as 


♦ On the day this plant was worked tJu; eonditions were, too, iiicist unfavourable for a 
good steeping, the water being exceptionally cold (83®F. instead of the cu.stornary 90®F.). 

t The growth on those hands was forced by tho high proportion of nitrogenous food in 
the soil. It grow to a great height (8 ft.) but tlio lower loaf was rapidly shed in consequence 
of unbalanced growth. As a result tho plant in June largely consisted of stick and it gave a 
very poor yield of indigo. On the other hand, the plant grown on super and sannai although 
fairly tall was covei^'d with loaf from top to bottom. 
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Jigaiiisf, 95 niuunds 12 cl)at!).k.s), the actual produce 
of indigo per acre was considerably higlier (13 seers 
2 (diataks as against 10 s(!ers 5 cliatalcs). 

On June 18th, however, the plant grown on super had 
ch^ailv not reached maturity and was not I'cally nauiy 
for cutting. This is shown by the greatly increased 
yields obtained when the sanies plant was cut a fort- 
night later (July 4), (Vinsequently at tht; earlier 
stag<' (June 18) the yield per acre (13 seers 2 chataks) 
was somewhat less than in the case of the khuski crop 
and th(i land manured with seet-water (yields 10 seers 
12 chataks and 14 seers 12 chataks per acre. resp(s‘- 
tively) whei'f' there was an (uionnous, rapkVy ffroirii 
crop of poor quality. 

(h) In tlie interx'al bedwetm June 18th and July 4i]i, there 
was heavy rain (15 i)iches) followed by a dry S])ell 
bet.w(*en -Tune 27th and July 4th. In this period 
the phuit grown on super and sannai dcv'cloped con- 
siderably— the yield per acre increased about 60 per 
cent, (from 94 mannds 6 seers to 153 maunds 1 seer), 
whilst the qualify, judged by the yield of indigo per 100 
maunds of plant, was increased .also to the same extent 
(from 13 seers 15 chataks per 100 maunds of plant to 
21 seers 1 chatak). By th(^ first week of July not only 
was the actual yield of green plant per acre far higher in 
the case of the super-treated land, but the quality was 
also far superior, so that the yield of cake indigo per acre 
reached the phenomenal value of 32 seers 4 chataks per 
acre for a single cutting. 

This value is from 2 to 3 times thfit obtained from plant gromi 
on the seeted land and mahaied at practically the same time (Jul\’ 
5th, .Inly 6th and .July 7th). 

(c) The figures given for the average yield of cake indigo per acre 
dispose of tlieineio frequently taJeen h/ planters that the Imc 
yields of indigo recently obtained on most estates arc due 
fo deterioration of the Jam indigo pJemt, It is clear 
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that when the soil conditions are favourable (and these 
favourable conditions can, 1 consider, be largely assured 
by proper manuring) enormous yields of indigo 
can be obtained even in a year of unfavourable 
climatic conditions and with the existing Java plant. 
The yields jxm* aeje of 153 inaunds of gi’een plant and 
32 seers of cake indigo for a single (moorLan) cutting 
far exceed the yields obtained from the Java, plant 
in its palmiest days — shortly after its introduction 
into Biliar. Thus in the case of the extraordinary 
yield of 41| seers of cake indigo per acre obtained 
at Bliagwanpur^ in 1906-1907, this was made up of three 
cuttings, which gave respectively 14 seem 9 chataks, 
17 seers 4.^ chataks, and 9 seers 12 chataks. Such a 
yield as 32 seers of cake indigo from a single moorhan 
cutting is, I believe, almost without precedent. The 
actual yield obtained at Honiara on laud treated with 
super and sannai far exceeded my most sanguine 
expectatioirs of what coiild be accomplished in a 
single season by proper manurial treatmeirt. It 
cannot of course Iw expected that all lands will 
respond at once in the same marked way to manurial 
treatment, but it appears to me certain that the 
majority of lands in Bihar can, by steady manuring 
for a few years, be made to yield 20 to 30 seers of indigo 
per acre in thfi course of the two tnahais. This result 
will be attained not merely by increasing the yield 
of green plant per acre, but largely by improving its 
quality, that is by allowing the plant to grow under 
conditions which bring about a maximum content 
of indican in the leaf, 

Jt is not svfficient merely to obtain a rapid and abundant 
growth of green plant. Such a growth may be obtain- 
ed by manuring with sect or seet- water, or other 

‘ The Agrictdlural .lourwil of India, vol. XIII, pt. Ill, p. 446. {Indigo PublieatioH 
No. 2, p. 6.) 
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nitrogenous inunurcs, sueli ns cattle iiiiuiuie. or oilcake. 
But the general ex])eiienc(5 ol |)lanters is that ])lant 
grown under such conditions has nothing iti it,” 
and fails to yield good produce. This view is confirm- 
ed by the msults in Table II obtained on June 19tlx 
and 2‘2nd, where thei'c was a phenomenally largo 
growth of plant in two fields (208 and 218 maunds per 
acre for the first cutting) but the produce jxer 100 
maunds of plant was very low (8 seers and 0 seers 
respectively).* 

From the results at Moniara it would appear that 
combination of gjcen-mamiring with sannai and 
siij)er|)hosphate is an ideal one to ensure not only a 
high yield (d' jdant, but also liigh quality. AV bother 
this is so in general can only be decided by actual 
trials on the large scale. ITnfortunately at Moniara 
no trials were made for comparison with sujxerphos- 
phate alone. There is the danger that abundant 
green-manuring with sannai may encourage rapid 
and forced growth of plant at the expense of 
quality. That this wa.s not the case at Moniara, and 
that the nitrogenous constituents of the sannai only 
came slowly into action without forcing growth, is 
shown by the fact that on June 18th the yield of grnen 
plant per acie (94 maunds 6 seers) was only the same 
as on tlie fallow land (95 maunds 12 seers), whereas 
on the seeted and khuslci land the yield of green plant 
at the same date was double as great (218 and 208 
maunds re.spectively). But in the fortnight from June 
18th to July 4th, the plant grown on the land treated 
with super and sannai, grew rapidly and also improved 
enormously in quxdity. The final plant obtained, 
however, was never so tall as on the seeted lands in 

♦ Coinparo abo KawHou’ti data (Report, page 13) — By manuring witli .sect (5 Ions per 
acre) the yield of plant per acre was nearly doubled, but the produce per 100 maunds of ])laut 
halved. NO that tho yield of dyv remained practically tlic santo as on uiunarmrrcl land. 
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June — only reached a height of 5 to 6 feet as com- 
pared with 8 feet on tlie seeted lands — ^but it was 
covered with leof from top to bottom, and the leaf 
was obvioush/ very rich in indican. 

(d) Some planters seem inclined to attribute the abnormally 
low produce obtained this season — a result which last 
year I ff)retf>ld would f)ccur- to abnonnal climatic 
conditions, rather than to the rcjil cause, which I 
consider is the exhaustion of the soil of its available 
phosphate snpj^ly. That the climatic conditions have 
been abnormal is Very true — a very early break of the 
monsoon (Jun<‘ 1st) followed by an interval of 10 days 
without rain, then a heavy downpour on June 23rd and 
24th again followed by a 10 days’ break. Bt^tween July 
5th and 11th, 8-39 inches fell at Pusa, and tlum there was 
another prolonged break from the 16th to 2()th with hea vy 
showers from July 27th to August 1st. From August 
2nd to 5th no lain fell, but the 6 days from August Oth 
to August 11th were very wet with 14-00 inches of rain. 

But the fact that even in this abnormal season,* on the 
land manured with super and saimai at Honiara, such 

* Thoro was practioally no winter rainfall in 1917-18. At rus.i up t«> Jnu(. l.st, the 
rainfall was 4*47"'. 
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an extraordinary yield of indigo as 32 seers per acre 
could be obtained in a singh cultivy e^'en with the 
pi-esent Java plant shows that tlie jrrimiixd factor is 
apparently the soil cdiiditions. 

Manuring with sanuai and superuhosphate. produced 
not only the maximum yield of gi-een plant per acre, 
of all the Java indigo cut between July 4th and 10th, 
but also by far the best quality The quality is 

clearly as important as, if not more important than, 
the quantity. The writer has in progress, in colla- 
boration Avith the Imperial Agricultural Bacteriologist 
and Imperial Agriculturist, a number of experiments 
which arc designed to tlirow light on the best methods 
of growing indigo to ensure not only a maximum yield 
of plant, but a maximmn indican content. The plant 
is being grown under different conditions of manuring, 
and the changes in quality folloAved by analyses of 
the leaf and the proportion of leaf on the plant from 
time to time. \\’hen the plant is cut it is possible to 
calculate the actual potential yield of indigo from 
the proportif)!! of indican in the leaf and the actual 
yield of green plant per acre. The results of this 
season’s trials will be published in detail later. 

The reasons for the rapid impoverishment of indigo soils 

DURING THE PAST 20 YEARS. 

Many planters find it diflicult to understand why soils, Avhich 
grew indigo successfully for 100 years continuously, apparently 
suddenly, during the last 20 years, have shown marked signs of 
deterioration. It is not, I think, generally realized that after 1897, 
the year when synthetic indigo first began seriously to compete 
with indigo, a complete revolution took place in the methods of 
indigo cultivation in Bihar. The following sketch based on infor- 
mation kindly imparted to me by Bernard (bventry. Esq,, C.I.E., 
will indicate the general nature of the changes which have occurred 
and have been responsible for a far more rapid exhaustion, in twenty 

3 
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years, of tlie indigo soils than occiuTed under the old system of 
working in a century. 

Under the old system, tip to 1897, the planter took in farm 
{thikadnrry) whole estates from Indian landlords usually on a 9 years’ 
lease, very frequently paying dot\Ti in cash the whole of the 9 years’ 
rental called znr'pn.isky or surziimnnaih. He took into indigo such 
lands as the landlord had in his own possession, and ho contracted 
with the tenants for from one-seventh to one-tenth of lus holding 
to be soum in indigo. This contract was either on the asamnmr 
system as in Ohamparan, whei-e the tenant kept possession of his 
land and grew the crop, or on the didmi system as in the districts 
of Muzaffarpur, Darbhanga and Haran, where the contract was 
for the planter to piepare the lands and grow the crop liimself. 
It is to be obser\'’ed that under this system villages or estates were 
constmifly conmiy in or going out of lease and large sums of money 
were yearly being expended in the shape of rent-in-advance 
(ziirpaiskies) paid to the landlord for these leases. This constant 
remwal tvas nutde easy hy the. unlimited financial facilitie^^ afforded 
at tho't time by the Calcutta Agency Houses ; indigo being then a 
flourishing monopoly industry their money was absolutely safe. 
When the lease of a village expired it did not necessarily go out 
of indigo cultivation : frequently the lease was renewed as before 
and the rent-in-advance paid down in cash. But there was always 
each year a niunber of cases where the renewal was not made and 
the lauds went out of indigo only to come back under a fresh lease 
a few years later. In those days, there was also a certain number 
of quite new villages coming into fresh lease every year. The two 
important features to be observed in this system are, first, that the 
planter was financed to any limit by the Agency Houses which 
enabled him to treat ff>r the lease of villages or estates with ease 
and on profitable terms, and, secondly, that the large number of 
first hases and of leases renewed some years after the milages had been 
returrwd to the landlords, contributed towards keep'ing up the indigo~ 
p-od'ucing power of the lands. 

But, further, it was the custom to exchange indigo lands for 
cultivators’ lands on a very considerable scale. Every year the 
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assistant would go round the cultivation before malmi when the 
indigo crop wtis in the ground, and indigo lands which showed the 
appearance of being worn out he wo\ild there and then ni<*asuie. 
He would then, in agreement with the cultivators, measure an equal 
area of their lands and the exchange would be made for the next 
crop. This exchange was to mutual advantage and was recognized 
to be .so by the cultivator who knew that indigo lands gave him a 
heavy crop of wheat, etc. 

The total area thus affected by the leasing of villages and the 
budli or exchange mentioned would roughly approximate to one- 
fourth to one-third of the cultivation per annum at Dalsing Sarai. 
These faVouralde sispects do not now exist in their entirety. When 
synthetic indigo began seriously to com]>ete with natural indigo, the 
Agency Houses tightened their pui-se-strings, not only in respect 
of money required for adv'ance rent for leases, but also iir resj^ect 
of ordinary current expenditure. This deprived the planter of the 
cotmmnd he formerly had on the ae-quisition of fresh land for growing 
the crop, and it also compiled him to change his methods of cultivation. 
He was now obliged to grow country crops (which he had never 
done before for profit-cariung) on a portion of the lands on which 
he formerly grew indigo. He did this principally for two reasons — 
in order to establish a system of rotation to replace the moans he 
formerly had of the easy renewal of leases wluch had now been taken 
from him, and in order to find money for current expenditure for 
such portion of the lands as remained in indigo. This aixangement, 
however, had not beneficial effects equal to the advantages of the 
old system, nor did it compensate for these. This will be clear 
from the following considerations. 

Under the new system of cultivation imposed by the changes 
refeiTed to, the planter restricted his area under indigo and intro- 
duced country crops. He did not, however, generally speaking, 
grow the country crops himself, but gave out to tenants the lantls, 
usually manured with sect, on which they grew the crops. The 
tenants gave the planter either rent or a share of the produce which 
yielded a greater profit than indigo so far as these particular manured 
lands were concerned. He also let out into country crops .some t»f 
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the lands for wliich there was no seet available, naturally on less 
favourable teims. 

It must be observed that the first effect of this system was to 
lessen the amount t)f seet owing to the restricted area under indigo, 
so that although at first, when there was a plentiful supply of sect, 
this method promised well, it has gradually led to disappointment, 
because the area which can now be treated is often so small that the 
average profit earned on the whole area under country crops is 
(exceedingly small, and sometimes even represents a loss. AVith the 
increasing failure of the iirdigo crop and the lack of seet as a manure 
whicli this entails, the. present system promises disaster ixr the next 
few years. The system has moreover other imiierfections. The lands 
are usually given out to cultivators for three or four years. The .aim 
of the cultivator is to “ milk ” the land so as to make all the mon(‘.y he 
cair out of it and return it to the planter in an exhausted state. 
Further, tJie S(?et which is given to him aids in the process, for being 
a. manure with an e.xcessive amount of nitxogen, it tends to draw 
unevenly on the available supplies of phosphoric acid already in 
defect, and makes the deficiency worse.^ AVheji introducing this 
system the planter abandoired the old custom of budli because*, he 
grew indigo only in lands which w(ue exj)ected to give a full crop- 
thoxxgh in this lie has been disappointed also, owing to the develop- 
ment of the so-called “ wilt.” lie finds too that wilt now prevails 
in lands taken in budli. 

I would also emphasize the fact that the “ series ” of crops 
grown has not in most cases been a true rotation at all. In a ])roj:)er 
rotation the selection of crops is such that the feitility of the land 
is maintained by establi.shing a b.alaniie between the constituents 
removed by the crops and tliose liberated by the ordinary soil 
changes in successive years. The h^gutuinous croj) which always 
forms part of a proper rotation renovati's the soil by replacing 
nitrogen. But in the case of the planters’ lands the crops grown 
have simply continuously slripjH’d the soil of the constituent whicli 
they especially lack— available phosphoric acid. Thus to take an 


* Indigo Pvblication No. 1, pagPs 3G-3S. 
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actual example of a field wliicli was fojiuerly let cmt to ryots for 
cultivation, tlie series of crops was 

1913 ... ... Winter crop, toba(,M!o. 

1914 ... ... ... Maize followed by winter crop of wheat. 

1915 ... ... ... Maize with rtt//ar as ra?yi crop. 

1916 ... ... ... Maize followed in <>ctol.jr with indigo and 

mustard together. 

It was not surprising to find after this continuous stripjung for 
several years (the earlier record whilst the land was iir tire ryot's hands 
is not known) without any ajrplicatkui. of rnaruire.. sii\ e one dressing 
of cattle manure in lf)13, that this ])arlicular soil wlien analysed 
in 1917 contairred only 0'(I37 per cent, of total phosjrhoric acid and 
O'OOOU per cent, umilabk, even in the top U". On many other 
fields on the same estate tire total phosjrhoric acid in tlie tojr layer 
exceeded O'l per cent., whilst the amilahle was O'OOl to ()’002 jrcr cent, 
in the surface layer’. It was also not surpr ising to find that the indigo 
and mustard sown in iOKi did rrot tlrriA'e — the mustard dying out 
conrjrletely some time after germination arrd the indigo following suit. 

Irx tire old days, wlien indigo was grown as the sole crop, the 
land was jrloiighed scA'cral tmies and fallowed for a. long jrcriod. 
There was no crop irr tlie land from Beptemlrcr up to the following 
Fchruary, wlien the old iSumatrana indigo was sown, durirrg which 
jrcr iod— -the dry weather— there was anijrle opporturrity for' bacterial 
action in the soil to liberate a fair supply of mineral plant food. 
Only the one cr'ojr indigo- was grown in the year. Under the 
jij'esent system two erojis arc fn^quently taken out in tire year, when 
indigo is not grown, and these are often very exhausting crojrs — such 
as tobacco. When Java indigo is sown in October, it frequently 
irmnediately follows aiiother crojr, either of indigo or some cereal 
such as maize, without the soil having a chance jrroperly to recover. 
With Java indigo, which remains on the land for nearly a whole 
year (October to ii^eptember), two or more cuttings are taken which 
is equivalent to growing two ordinary crojrs. 

To sum up : The changes imjKised orr the cultivation in Bihar 
by the appearance of syrrthetic indigo iri 1897 have, during the past 
20 years, greatly altered the general character of the soil and neces- 
sitated a fresh method of treatment. Planters have been deprived 
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of the financial aid which was formerly available to enable them 
to take leases of large parcels of land in which exchange was easily 
assured, cither by the taking of first leases, the renewal of old leases 
after the lapse of some years, or by the budli or exchange of indigo 
lands with cultivators’ lands. In place of these advantages they 
have had to ring the changes on the same land under a system leading 
to certain, and in many cases rapid, exhaustion. When lands have 
been let out to ryots, it has been to grow exhausting crops such as 
tobacco and chillies, and the soil returns to the planter in a very 
impoverished condition. 

There arc of course notable exceptions to the conditions depicted 
above. Thus planters frequently point out to me that certain 
fields have given good crops of indigo continuously year after year 
for an unlimited period. These fields are usually the sites of old 
villages and are of high fertility, mainly owing to the accimmlation 
of human and animal excreta for generations. In these the process 
of exhaustion w'ill naturally take far longer before they show a failure 
of crops. But such cases are the exception, not the rule. 

Again, many planters have expressed to me their difficulty of 
understanding how soils which gave good indigo crops for a hundred 
yejirs should quite suddenly show a rapid falling off such as followed 
the appearance of wilt in 1907. Actually this is the very behaviour 
which was to be expected. It is quite easy to understand that if a 
soil originally contains 100 parts of “ available ” phosphate and the 
crop removes one part each year, no marked falling off of crop will 
occur for 98 to 99 years, but that then quite suddenly the crop will 
fail to an increasing extent each year because it can no longer easily 
obtain the one part of phosphate corresponding with a full crop. 
It must be clearly imderstood that a certain amount of regeneration 
takes place each year in the soil owing to the liberation of water- 
soluhle phosphate by the ordinary soil agencies (bacterial action, 
following cultivation or fallowing) acting on the insoluble mineral 
phosphates (in the analyses termed “ total phosphate ”) always 
present in the soil. But the trouble at the present time is that the 
amount of this regeneration each season is not sufficient to give a full 
or even a good crop in the case of indigo. Moreover, this 
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regeneration takes place only in the surfiice layer of the soil wheje the 
Soil agencies are most active. The soluble phosphate produced is 
rapidly used up by surface growing crops, and there is no op])or- 
tunity for the small amount of soluble phosphate liberated to wash 
down into the lower layers of soil (where the Ja\'a plant mainly feeds) 
to lenovate them. The corisecpience is that soils are frequently 
found which still give good or fair results with oats, barley or 
country crops, but fail more or less completely with indigo. One 
of the most striking instances of this kind may be cited — Byreah, 
Field No. 1* where the following analyses were obtained: ■ 



Total 

Available 

Depth 

P/>, 

P.O, 

0->6" 

(Bmi 

000505 

(r-ir ^ 

01273 

0-(J()136 



0-1040 

0 00020 


Here the amount of a\‘ailable phosphate in the surface layer is 
relatively veiy liigh for Bihar — not far short of the quantity gener- 
ally regarded as necessary for good fertility in Europe (O'Ol per 
cent.). But below 12" the amount of available phosphate is extremely 
small (0'0002 per cent.). The behaviour t)f indigo grown in this land 
exactly corresponded with what w<tuld be ex|>ected from the analysis. 
The plant grew very well for 2 or 3 months, but when it reached a 
height of about one foot, growth was checked and large patohes died 
out. The deep feeding roots of the Java indigo had reached a layer 
of soil in which there was n(» longer proper nutrition. 

The complete revolution in the system f)f cultivation in Bihar, 
which followed the capture of the indigo market in 1897 by the synthe- 
tic d'ye, led to a far more drastic stripping of the soil. Under this new 
system the soils are now showing signs of rapid deterioration. If 
crops are to be maintained in the future, the method which has been 
adopted in all civilized countries — scientific manuring — must be 
introduced. Some 20 to 25 planter’s have expressed their williirg- 
ness to make trials on their estates with superphosphate this season. 
Theprincipaldifficulty has been to .obtain superphosphate, l»ut it is 
hoped that in several cases at least supplies will be at liand l)efoie 
the rains cease, so that the effect can be seen on next year’s crop. 


♦ For full particulars and analyses see Uidigo Publication No. 1, page 52, 
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Siatetneni of produce from Java plant at various stages 
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2 20 

8 6 

9 8 
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khniiki{') 

2 15 

2-40 

600 20 

182 0 

1 0 

14 8 

16 10 
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: 
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26 1 
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,, 5 , 
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9 10 

i 8 29i 
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1 

' 2 20 

10 S 

12 1 j 

„ b 

M ; Seeted land, sown 
in February along 
' with Suniatrana (*’) 

9 U 
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938 30 ' 

104 10 

i 

3 0 1 

13 5 

15 4 

M 7 

.. : Seet dug in with 
i kodali 

15 0 

j 1309 
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I 73 20 

3 20 

9 5 

10 11 

8 . 

.. ; Java of Bhoji Chaper 
j mixed with Feb- 
; iuary sowing 

11 lU 

j 1004 

889 10 

77 10 

3 0 

10 7 

11 15 

M 9 . 

.. 1 February sowing near 
Arola’s Derakar- 
si ugh Tewary Toke 

15 17 

13-83 

1,004 30 

65 6 

2 0 

6 0 

j 6 12 

,♦ 10 . 

. i February sowing and 

1 Hiranda plant 

14 0 

12-22 

954 20 

68 7 

3 0 

8 9 

9 13 


I Total 

108 14 

94-85 

9,235 30 

85 0 

! 27 23 

1 

10 3 

11 10 


(') This land is of better quality than 
(*^) Note the coldness of the water. The 
('‘) Java in this field grew to a tremendous 
(’) Java in this field grew to a tremendous 
(“) Height of crop 5 to 6 feet, covered with 
(”) This Java was put down at the same 
N./l. There is a very big difference in the produce from 18th June to Ith July from the same 
sun from 27th June to 4th July. 
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I. 


of tnahai and from various qualities of land at Moniara Concern. 
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that treated with sannai and super- 

day was also very cloudy and cold. 

heipfht, 8' at the least and more wood than leaf. 

height, 8' at the least and more wood than leaf. 

leaf from top to bottom, 

time as Suinatrana. February and March. 

tield. This is attributable to very heavy rain in June, IS'bO", and there bein^ a dry spell of hot 



SOME OP THE PROBLEMS ARISING OUT OF THE 
SUCCESSFUL INTRODUCTION OF AMERICAN 
COTTON IN THE WESTERN PUNJAB.* 


BY 

W. UUDEllTS. H.Sc., 

Professor of Afiricitl/urc, Aifricidlural CoUri/r, Liiallpur. 

The introdiiotioji of American cotton in the Punjab by the 
Agricultiu'al Department has brought out a number of problems, 
partly owing to tl;o difficulties experienced by the Department in 
this work, and also on account of the success which has attended 
the work. In order to appreciate these difficulties it is necessary 
briefly to outline the outstanding featmes of the work. Work on 
American cotton started at Ilissar in 1902 and at Lyallpur in 1903 
and 1904. Previous to that there wei'c some plants of Anierit;an 
cotton to be found among the desi or country cotton grown, espe- 
cially in Shahi)ur, Lahore and JuUundur. The very severe boll- 
worm attack of 1905 and the somewhat less severe attack in 1911 
were found to affect American cotton to a very much less extent 
than country cotton. The experience of 1905, and especially of 
1911, had a very marked effect on the attitude with which zemindars 
regarded American cotton. The policy of the Agricultural Depart- 
ment up to 1912 was to import seed from Dharwar every year though 
most, of the zemindars growing this cotton kept their own seed. 
Experience in 1913 showed clearly that the sowing of seed accli- 
matized in the Punjab and plants of the rough-leaved type was the 
only safe policy to adopt. It had appeared for some years that 
imported seed was not very reliable as it contained so many different 
types. The Department in 1912 and 1913 put out two special 


A paper rwad at the Fifth Indian Soiuncu CongroHa, Lahore, 1918. 
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selections which had been handed over by the Economic Botanist 
in 1910 for trial at the Lyallpiir farm. One of Biese, viz., 4 E, 
proved to be a very safe })]ant and the area nnder it since 1913 is 
roughly as follows ; — 


1913 ... 

... ... 109 acres. 

1914 ... 

1,000 „ 

1915 ... 

10,000 „ 

1916 ... 

30,000 „ 

1917 .. 

120,000 probably 140,000 acres. 


The totiil areal UJider Aniericajf cotton in 1917 was 274,000 
acres, of which, as will be seen, over half was pure 4 F, and prolwibly 
another quarter was impure 4 F froju mixed seed obtained from 
einninc factories. The total area under American in 1911 was 
probably under 10,000 a(ires and reached 30,000 acres in 1913. It 
will be seen that since 1911 the increase has been rajud and ])heno- 
menal. The reason for tlu' comparatively slow ])rogress from 1903 
to 1911 was mainly {ionnected, in the first place, with the fact that 
the plant was not acclimatized, and, secondly, with the fact that the 
premium over desi cotton was at first only R. 1 to R. 1-6 per nuiund 
even in cotton sales and generally only a few annas jkji- maund 
in the tmndi or market. Ihevious to 1908 the cotton used to be sold 
by ariangement through the Agricultural Department at a premium 
of R. 1 to R. 1-8, but, owijig to delays in recovering money and other 
dilficulties connected with a monopoly, Mr. Milligan, who was 
then in charge of the work, started auction sales. The quantities 
at the latter were generally from 300 to 500 maunds and premiums up 
to R. 1-8 per maund were realized. Sales were temporarily dropjxid 
in 1911 and 1912, but were started again in 1913 by the writer both 
with a view to obtaining the seed of 4 F and to stimulate compe- 
tition. By 1913 this cotton was becoming known in Bomlmy, and 
it was easy to get R. 1 to R. 1-4 premium in the ordinarj^ market. At 
the sales the premium went up to Rs. 2-8 and Rs. 2-12. Since then 
the number of sales have increased rapidly until this year the Dejmr t- 
ment will have sold in this way at fourteen sales over 10t),000 juaunds 


* The AijncallurcU Journal of India, vol, X. pt. IV, 1915 ; vol. XI, pt. HI, 1010 ; vol. XU, 
pt. m, 1917 ; vol.'xni, pt. 1, 1918, 
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Valued at roughly £130,000. Since 1914 all the cotton (hapas) 
coming to the sales is classified according to purity, and no American 
cotton with over 5 per cent, desi cotton admixture is sold at the 
axictions. Premiums .averaging Rs, 4 per luatind were obtained in 
1916, and the highest price reached this year has been Rs. 21-15 per 
maund, when country (;otton was selling at Rs. 15 per maund. 
xMthough the cotton sold thi’ough the Department sales is only about 
10 per cent, ol the whole, the value of ihose sales has been enormous 
both in attracting new buA'ers and in seeming a wide and open 
market. This year four buying .agencies represejiting Bombay and 
Ahmed abad mills ha\'e cojue forward as adive buyers. Since 1915 
Messrs. Tata &8ons, wlio were the lii'st to conic into the nuirkethom 
Bombay, have facilitated our task and hel])ed to establish the market. 
Ordinary Punjab cotton which used to be grown exclusively in the 
Colonies is clas.sified in Bombay as Bind-Punjab and fetches the 
lowest price in the market. Punjab-Americ.an is quoted since 1915- 
1916 at from Rs. 20 to Rs. 40 ])cr candy (784 lb.) over Broach, or 
Rs. 100 to Rs. 150 or more above Punjab desi. This means Rs. 4 or 
Rs. 5 per maimd of kapos, vvhidi is the jiremium this cotton is fetching 
at present. One of the conspicuous features with reference to the 
introduction of a new cotton in India is the slowness with which 
the trade responds to any change that takes jilace. This holds 
true for both superior and inferior varieties and consequently tends 
to put a premium on work with low grade high yielding cottons 
such as “ Aligarh white ” in the United Provinces and Roscum ” 
in the Central Provinces. 

The difficulties encountered have been therefore as follows : — 

{a) From 1903 to 191 1 the problem was to get a fan jn emium. 
The cotton began to command premiums independently 
of sales in 1911, but this premium was far too low and 
generally only As. 8 to As. 12 instead of Rs. 2 or 
Rs. 3. 

(b) With resumption of sales in 1913 premiums went up. 
The quantity had increased from 10,000 acres in 1911 
to 30,000 in 1913. Since 1911 there has been no 
looking back. 
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(c) In spite of increase ij> aica il. was only by bringing in 
and encouraging outside bidders, e.r/., Tatas and 
Bombay and A}inieda])ad mills Ibat fair jaices could 
be obtained. This was largely owing to the combi- 
nation of the local ginning fact</rief; who in the Pvmiab 
buy' cotton, and these resented the organization of the 
zemindars by the Agricultmal Department and in 
many cases combined to wTcck the sales. Attempts to 
eliminate abuses in “ weighments,” “ arbitration,” and 
‘‘rejections ” met with strong opposition, and factory 
owners in many places, e.g., Lyallpiir, have not bid at 
onr auctions for two or three years. W ith the a ssistance 
of Mr. A. .1. W. Kitchin, C.I.E., Deputy Comnaissioner 
of Ly'allpnr, the Department drew' out a series of rules 
and conditions regarding ‘‘weighiuents,’' ‘‘allow'ances,” 
and ‘‘ arbitration ” to remedy some of the above abuses 
and these have worked wdth (ajispicuous success. 
The erdtivator is Ix'ginning to realize the advantages 
of ‘‘ co-o])i‘rativc sale ” and great develojnuents in this 
direction may' be exjteclod in the future. 

{(/) In s])ite of a, ssistance through auctiojis it had been 
jioted that prices in outlying markets which wore some 
distance from Ly'all 2 )ur te}ided to be w'ell beh.w 
Lyallpur juices. To remedy this partially at any rate, 
it was decided to post up Ly'allpur and Bomhay prices 
daily' at (he chief markets. The idea is to keep zemin- 
dars informed of the real value of their produce 
and of the general trend of (he market. There has 
been a marked effect aheady and hi all outlydng 
markets juices have ailvanced closer to Ly'alljuu 
prices. At Tandlianwala which is about 40 miles 
from Ly'alljiur by road and over 100 miles by rail, 
prices up to this year were sometimes as much as 
Rs. 2 per maund below' Ijyalljmr prices, but in the 
present year have not been more than As. 6 per maund 
lower. The effect in the Lower Bari Doab has been 
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even more pronounced and has in consequence reacted 
very favourably on the growing popularity of cotton 
as a crop. 

(e) Much of the American cotton produced in the Colonies 
was sent to Bombay mixed with desi cotton, the latter 
being put in to the extent of 10 to 25 per cejit. and 
sometimes even more. This mixing was partly acci- 
dental owing to over-crowding in ginning factory 
compounds and also nrainly deliberate. Zemindars 
grow these cottons pure nowadays, and it is rare to 
sec a field of American with over 5 per cent. desi. 
It is easy to detect mixture in the Jcapas and zemindars 
are heavily penalized both in the Department’s 
auctions and by factory owners for admixture of desi 
cotton ; heiue the rapid disappearance of mixtures in 
the field. When the cotton is ginned it is very difficult 
to detect even 16 per cent, mixture, and hence mixture 
in baled cotton is not uniformly or adequately penalized 
in Bombay. This practice must ultimately affect 
every one, even those who try to send American pure 
to Bombay. A remedy must be found up-country. 
Ultimately no doubt it will be necessary to license 
ginning factories and use this handle to penalize 
mixing. As a fii-st step in remedying this and other 
evils, the Punjab Government have accepted certain 
suggestions ot the writer regarding conditions under 
which any new factories can be built. Probably 
some sort of combination among factory owners 
in the form of an Association which could be recog- 
nized in Bombay is the only reliable and constructive 
manner of tackling this difficulty. Membership of 
this Association would involve responsibility and an 
undertaking to send cotton of definite purity. The 
penalty for breach of these conditions would have to be 
a heavy fine cr loss’ of membership. Such an Asso- 
ciation would command confidence in Bombay and 
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be to the interest o£ ginners themselves as well as that 
of zemindars. 

if) Pure seed. With concentration on one tA^je, viz., 4 F, 
the whole of the American cot t on will in time become 
standardized. Aheady over hall the American cotton 
grown here is of this variety, and the proportion will 
increase greatly in the next two or three years. The 
Department hopes to sell enough seed for 200,000 
to 250,000 acres of this type in the coming season. 
The seed is sold at a premium of 40 per cent, and covers 
all expenses involved in jtt’cmiums and in supervising 
ginning, etc. As the seed rate is only 8 lb. per acre 
the ijicreased price of seed .a mounts to only As. 3 per 
acre and farmers gladly pay the necessary premium. 
It is possible that a better type than 4 F will be forth- 
coming. In the course of a few years it will certainly 
improve as selection is carried through. Owing to 
the existence of a number of largo estates in the 
Colonies there will be no difliculty in keeping seed pure. 
A good deal of attention must be concentrated on this 
work as it will become of gi-owing importance as time 
goes on. 

{g) The greater the quantity of a good class of cotton 
which can be grown the easier it is to seonre fair prices 
for the produce. So long as the quantity is small 
only a few buyers can seeme the cotton, and 
competition is in consequence much restricted. With 
the extension of irrigation the area under American 
cotton will, of course, increase, but at present an area 
of 460,000 acres wall represent the limit in sight. 
Cotton undoubtedly pays better than wheat in the 
Western Punjab, and, in the case of American cotton, 
farmers are beginning to realize that it is a very 
safe crop.* The great question of increasing summer 

♦ pap(»r by (,Uo wriUu* on this subject, coutribiitocl to tlic Irrigation 

Oongiv.HS, 1918 , 
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supplies in the canals when the rivers are in flood is 
l)ecoming therefore of even greater importance than 
formerly. This is a iiwtter of very wide and deep 
significance to the future jH'osperity of the province. 
The foundation for the success of such a policy is being 
laid in the introduction of American cotton. Immense 
developments are possible in this resi^ect in Sind also^ 
where staple cotton of much fuier quality than can be 
grown in the Punjab only awaits the advent of a secure 
irrigation system. Such development in Sind would 
react beneficially on the Punjab as it would tend to 
raise the price of Punjab-American. 



THE CONSOLIDATION OF AORICDLTLTRAL 
HOLDINGS IN THE UNITED PROVINCES. 


BY 

PiiOK. IT. STANLEY JRVONS, M.A.. F.S.S., 
TJniversUif Professor of Economics, Allahabads 


(Ci)iitinufttl from pag<^ 230, vol. XTII, ]>t. II.) 


PART n. OUTLINE OP PROPOSED CHANGES. 

Tue first part of this paper has l)ecn devoted to an exposition 
of the more important economic principles afiooting the consolidation 
and enlargement of agricultural holdings and to defining and finding 
a solution in general terms <»f the problem of establishing permanently 
a higher standard of living. The practicability of attaining these 
objects has purposely lieen left unconsidered. It was intended only 
to obtain a clear view of the right goal to aim at ; liecause such a 
clear view is necessary before the practical measures to be taken 
for the purpose of changing the piesent evil can even lie discussed 
fruitfully. Also in order to obtain a simple and clear view of the 
object to lie aimed at I purposely avoided details ; and the.se may 
in some cases be filled in here. 

Consolidation of all owners’ holdings necessary. 

It is necessaiy to distinguish lietween the scattering of the 
strips of one maJtal, or legally recognized unit of ownership, and the 
scattering of strips held by one cultivator, whether from one or more 
owners. For clearness of diction I use the term unit of cuUimlion 
to denote the whole of the fields actually cultivated by one man, or 
by a family or partners, as one business concern, whatever the 
ownership of fields may be. The cultivator may hold some of his 

( 49 ) 4 
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fields as a tenant with occupancy rights, and others as a tenant-at- 
will, and himself own yet other fields, thus making up a cultivating 
unit of, say, 10 or 12 acres. The scattering of strips in ownership* 
would not be a matter of vital concern were it not that it involves 
almost of necessity the scattering of the fields of a cultivating unit, 
because a tenant would experience very great difficulty in making 
the numerous agreements which would be needed to get a consoli- 
dated cultivating unit. I come, therefore, to the conclusion that 
the only practicable course is to adopt a policy of abolishing both 
scattered ownership and scattered tenants’ holdings at the same time 
by consolidating the units of ownership. 

In cases when the ownership is not at present scattered — that 
is to say, where a whole village, or a large part of a village, is held 
as one mdhal by a 16-anna shareholder, or in imperfect partition— it 
would seem to be feasible for the owner, or the two or more share- 
holders, to agree to rearrange the holdings for letting purposes. 
One obstacle to this is the novelty of the idea, and the consequent 
opposition which would be raised even by tenants-at-will as a united 
body ; and a further obstacle is the absence usually of any expert 
agent to carry out for the landlord the re-division of his land into 
the fresh holdings. The land needs to be re-surveyed, and new 
holdings graded in size according to the quality of the land, distance 
from the ahadi, etc. The principal difficulty, however, is the occur- 
rence of occupancy holdings with their fields thoroughly intermixed 
with the fields of tenants-at-will. The occupancy tenants cannot, 
under the present tenancy law of the Agra province, be bought 
out ; and it is exceedingly difficult to arrange an exchange of fields 
which will be regarded by occupancy tenants as mutually satis- 
factory. Ck)nBequently nothing is done. 

Advantages op consoudaxion admitted. 

Yet scattered holdings are admitted to be a serious evil which 
is frustrating the progress of agriculture in several parts of India. 


• Both mahuU, and paUts thereof, are frequently composed of scatteired fields 
different parts of the villa|[e. 
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I take it to be generally agreed by agricultural experts that it is 
desirable in most places to consolidate scattered holdings more or 
less completely, the idea being that a holdii^ should be compact, 
except where the nature of the country is such that the safest and 
most economic business is to carry on a mixed farming requiring 
river meadow lands, and plains or uplands in due proportion. 

The disadvantages of the present condition of holdings and the 
advantages of re-stripping have been so well stated by many autho- 
rities that I need do no more than indicate my agreement with their 
statements. In 1912, Mr. Moreland, then Director of Land Becords 
and Agriculture in the United Provinces, prepared a note for the 
United Provinces Government^ which was printed and circulated 
by this Government. His proposals will be considered later on in 
this paper. In the same year Mr. G. Keatinge dealt briefly with 
this question in the Deccan.® In 1916, Mr. Burt read a paper 
before the Science Congress at Lucknow on “ The Re-alignment of 
Agricultural Holdings and more recently a committee appointed 
by His Highness the Gaekwar of Baroda has fully investigated 
the question of the minute subdivision of holdings in that State.* 
Dr. Harold Mann has also called attention to the evils of excessive 
subdivision and cultivation of scattered fragments of land. He 
points out that cultivating a holding of small scattered fields has 
the groat disadvantage of very small holdings in preventing the use 
of machinery and labour-saving appliances, whilst also “ it has 
all the evils of large holdings, in that it prevents the adoption of 
really intensive cultivation by any holder.”* In a subsequent 
publication he has amplified this study.® The importance of the 


1 Dated 2dth June, 1912, and enclosed under No. 19 1-505*1912 of 1915. 

* Rural Economy in the Bombay Deccan (Longmans), pp. 40*2, 51-5. 

* Reprinted in the Agricultural Journal of India, Special Indian Science Congresd 
Number, 1916, p. 33. 

^ Report on Consolidation of Small ScaUered Holdings ; issued by Baroda State Printing 
Works. As. 10. 

• ** Economies of a Deccan Village,” Indian Journal of Economics, vol. I, 
p. 420. Reprinted in the Agricultural Journal of India, July, 1917. 

• Land and Labour in a Deccan Village; Univernity of 

No. 1 (Oxford University Press), 1917— Chapter III ; Tlie La^jl^t^ its Divisio^^^ 

Holdings. 



52 a«-;ricultuhal journal of India [XIV, i. 

qu«sti(m is being widely I'ecogiiized in tJic Jiuuibay Pi'esidency and 
it has received attention in the Bombay Jjegislative ( ’ouncil on more 
than one occasion during the past tivo years.^ 

SfATTEBKD STRIPS CHARAIiTKRISTIC OP PRIMITIVE SOCICTY 
IN ALL COUNTRIES. 

Tile cultivation of scattered strips is a ivell known and v'ery 
widely distributed economic phenomenon w'liich seems to be charac- 
teristic of a certain stage of the evolution of primitive society in all 
races of mankind. The first three stages of the evolution of society 
are (1) families living by hunting and gathering wild fniits ; (2) 
nomadic tribes living by pasturing domesticated animals, and 
gathering wild vegetable products ; (.3) “ extensive " cultivation, as 
it is called by economists.^ Nomadic tribes, haA'ing learnt to take 
occasional catidi crops, gradually siritled down and liegan to break 
up patches in the jungle. They had no rotation of crojis, but broke 
up new’ patches in the waste as required. 

The ahadi is characteristic of the most jirimitive agricultural 
people. They settled in a definite spot for the village, and thus 
came a fourth stage. All the lands near the ahidi became cultivated 
by the growing population of the village and the childien of large 
families divided the home fields and had to make their cultivated 
area up to a size sufficient for maintenance' by taking in fields from 
the w’aste. The fifth stage is the almost complete absoiptionof the 
cultivable waste, except what is needed for gi-azing land ; and the 
sixth stage, the subdivision of holdings through the gi-owth of popula- 
tion until the minimum economic size is reached, coiTesponding with 
a slightly improved cultivation which is forced on the jjeople for 
maintenance. Here a stage of economic equilibrium is reached in 
which population must be stationary and the death-rate equal to 
birth-rate on the average, though owing to variations of the seasons, 

1 Procoodingft of tJ»o Bonihay Le^islativo Council; cKprciiillv flic 14tli and 15tli 
March, 1910. 

* Cunniiighain, W. Growth of English Jidvstrp and Commerce during the Early and- Middle 
Agee, 5th ed,, p. 33. (7/. Bncher. Jnduetrial fJvoluHon^ Trans. Wicket (Holt <5fe Co,, N. Y,), 
pp. 45 if 56^. 



CONSOLtnATtON OK HOLDINGS IN THK UNiXED PROVINCES 63 


it is largely by families and ejiideinio distsases that the averag<! 
death-rate keeps the population doivn. 

This is the last stage characteristic of primitive civilization, 
and society may remain in this condition for centuries. When 
advanced civilization begins to demand progress of the agricultural 
community, two lines of advance are possible : (1) by education ami 
co-operation, and particularly by instiuction of the people in the 
methods of intensive agriculture, so as t(» increase the productivity 
of the small scattered holdings, as has lieen done in France, Japan, 
Denmark and Ireland; (2) the other line of advance is to 
promote improved efficiency in agriculture by a re-arrangement 
and enlargement of holdings. The former method would appmir 
to 1 m> Very limited in its scope- in ecoiutmic phraseology, the 
marginal productivity of additional elTort devoted to improving 
the culture of small luddings declines rapidly. The only 
<L\ceptions are in places where there is a particularly large; 
demand for special caojis, c.//., the environs of Paris, London, 
or Calcutta. 

For the production (d‘ the staple crops the economies of large* 
se-alc preiduction em ceimpact holdings are sei great that small holders 
of scattered iields can hardly nneke? a living in competition, where the 
market is ruled by ei cemsiderable volume tef production on a large 
scide. They are; handica]>ped neeteinly in labour, but by the difficulty 
eef employing capital in the feerm e>f machinery and permanent 
improvements. 'J'his is well undei’stoeed in Fngland. It is easy, 
therefore;, to establish two jiropeesitiems : (1) that the pnigiyss eef 
mitional econeemy, that is the welfare of the country as a whede;. 
eleniands the cultivation of all staple crops on large holdings with 
abundant capital, beceuise; of the great econoudes, and therefore 
increase of wealth, which wenild thus |je rualiised ; and (2) that if 
large hedeiings beceime nunierems in senne ])arts of India, i.e., Punjab, 
(.'entral Provine;es einel peirts o( the United Provrinces anel llenigal, 
the system must rapidly (that is in 20 years eer see) be extendeel 
threiughout th^ whole of India, because the cultivation of staple 
crops on small holdings w'ill boi'ome so uuremunerative as to 
yield less profit than will support the existing standard of linng. 
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Necessity for Government intervention. 

It may be admitted that the economic welfare of India requires 
the introduction of the system of cultivation on large compact hold- 
ings, and yet be questioned whether there is need for Government 
intervention in the matter. It may be answered at once that it is 
highly probable that, were it not for the very great economic friction 
created by the primitive land tenure customs and laws, the change 
would have come about already. Unfortunately the effect of British 
le^lation in India, which created occupancy tenures and permanent 
ryotwari and zemindari holdings, has been greatly to increase the 
difficulty of change ; and it may be confidently asserted that the 
difficulty of re-arranging and enlarging holdings is now so great 
that the expectation of a profit three times greater than that which 
may be fairly anticipated would not be a sufficiently powerful 
economic force to bring about the change. It is, therefore, essential 
that the Government should intervene, and by means of special 
legislation facilitate the consolidation and enlargement of holdings. 

The experience of other cormtries supplies ample precedent for 
the special intervention of Government to secure this end. In all 
countries the last stage of primitive tenure involves not only an 
intermixing of fields, but common rights in grazing on the pasture 
and waste, and, sometimes, on the stubble. Such rights have every- 
where proved too complex and stubborn to be liquidated by agree- 
ment over any large area of country, and special legislation has 
proved necessary. The pioneer country in this special legislation 
was England ; but many other countries have been obliged to 
undertake special legislation as noted above. As the change has 
been carried practically to completion in England it will be profitable 
to glance briefly at the methods which were adopted and the results 
obtained in that country. 

The enclosure movement in England. 

In En^and the consolidation and enlargement of holdings was 
nearly always accompanied by the erection of a ring fence about the 
new holding, which was usually partly carved out of the common 
land. Hence the process variously called re-stripping, re-alignment, 
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consolidation, redistribution, re-partition, or reorganization, was in 
England termed “ enclosure.” Tbe type of cultivation, which was 
practically universal in England during the Middle Ages, is known 
as the ” open field system.” The lands of the manor (or village, as 
we should call it in India) were classified as follows : (1) the demesne 
close (or private compound and home fields of the lord of the manor) ; 
(2) arable fields ; (3) meadow land, beside a stream or river ; (4) com- 
mon pasturage on which the villagers had limited grazing rights ; 
(6) waste, with unlimited free grazing xmtil later centuries when the 
growth of arable and pasture absorbed most of it ; (6) forest, with 
well-defined rights of the villagers for taking fuel and timber. The 
villagers, whether free -holders, villeins in servile tenure, or tenants- 
at-will of the former or of the lord of the manor, cultivated a large 
number of strips scattered throughout the arable fields, the number 
of separate strips being from 4 or 5 up to 50, but the most frequent 
number was probably about 20. The standard size of strip was 
the acre, 220 yards (one furlong) in length and 22 yards wide ; but 
half and quarter acre strips were not uncommon, besides irregular 
plots caused by the contour of the ground. The acre was supposed 
to be the area which one plough with four, six or even eight oxen, 
could plough in a day, and as no cultivator owned as many oxen as 
were supposed to be required for the plough, a co-operative system 
of assistance prevailed. Whilst the demesne (equivalent to sir) 
lay partly in enclosed home fields, the larger part of it was in scattered 
strips in the open fields. The arrangement of the strips in the arable 
fields is well shown in a map published by Mr. F. Seebohm in his 
book “ The English Village Community.”’ The best description 
of the English field system prior to the enclosures is to be found in a 
recent book by Professor H. L. Gray of the Harvard University.' 
He reproduces a number of maps of old parishes showing clearly 
the arrangement of the strips in the arable fields and the manner in 


1 See frontUpieoe and plate opposite page 26. The latter plate is also reproduced by 
Canningham* ibid^t page 44. I have relied considerably on Cunningham’s account of the 
luodinval system of agricnlturo and would refer readers particularly to pp* 73-8 and 
pp. 526*34- An elomentaiy sketch of the manorial system is contained in Gibbin’s Industrial 
History of England (Methuen), pp, 5-22. 

• English Field System (Harvard University Press), 1915. 
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wMch enclosirtes usually began to be made around the village 
dwellings which were concentrated in one place along one or two 
roads. Other sporadic enclosures of the meadow land were made 
for pasturage purposes, the initiative being usually taken by the 
lord of the manor enclosing part of the demesne. 

The manner of cultivation differed in Various parts of England 
and changed slightly in the course of centuries. The mom primitive 
method was known as the “ two-field system,” and it involved letting 
the land lie fallow every alternate year. The arable strips of the 
village were grouped in two open fields, perhaps 200 acres or more 
each. In one year all the cultivators were obliged to leave all the 
strips in one of the fields fallow because the cattle were turned out 
to graze on the fallow land, and so the whole of their cultivation was 
done in the strips of the other field. Next year the fields were 
changed. A gain of cultivating an additional one-sixth of the total 
area was made by adopting a three-course rotation which involved 
the arable lands of the village l)eing laid out in throe fields, and was 
termed the “ three-field system.” Each field was laid fallow in 
succession so that each of the three fields was put through the 
following rotation :■ — 

(1) Ploughed and sown with wheat in October, reaped the 

following August ; grazing on stubble during autumn. 

(2) Ploughed in March and sown with barley, oats, l)eaus or 

pulse ; grazing on the stubble during the autumn. 

(3) Land ploughed twice, but lying fallow, and open to 

cattle. 

The three-field system seems to have gradually superseded the 
two-field system except in certain districts where the latter remained 
until both the systems gave way before the modern method of con- 
vertible husbandry in which periods of grass growing alternated 
with arable culture. It was the profit of sheep farming and cattle 
breeding which first led to the withdrawal of lauds from the common 
cultivation and their enclosure with fences. This movement began 
in the east of England in the fifteenth century and resulted in a 
considerable depopulation of certain parts of the eastern counties. 

I he incentive of sheep breeding did not extend over the rest of the 
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country, and prolmWy also tlierc were greater legal diiliculties in 
making enclosures in other parts of England, a larger percentage of 
land having been freehold originally in the eastern (M)mities. 
Sporadic enclosures took place throughout the sixteenth centuiy, 
but it was not until proper ideas of convertible husbandry and 
drainage were learnt from the Dutch in the seventeenth century 
that a widespread interest in the consolidation of holdings and their 
enclosure began to be evinced. 

The best aecoxint of the enclosure movement is gi\'eji l)y 
Ihofessor (lomier in Ins l>ook " Common Land and Enclosure ’ 
(Macmillan, 1912). lie has traced from conteni]M>rary documents 
the whole course of the movement and has described the legal 
methods adopted at various times tr> carry out the enclosures. In 
the seventeenth century, the enclosures were mainly carried out 
by agreements of the owners, which would mean the lord of the 
manor, the copyholders and one or two free-holders. It W'as iisually 
considered necessary to render the agreement indefeasible by 
obtaining a decree of the ('ourt of Chancery. A few extracts from 
Conner's book will be of interest. 

“ During the se\‘enteenth century, agreements were even more 
important. The testimony as to their jaevaloma*, is strong aiid 
spread throughout the period. Th(fy find mention in the record of 
the action of the Privy Council, la; tween 1039 anil 1049, which illus- 
trate the ilifticultics which beset those anxious to agree, and also 
the methods whereby a reluctant consent was often wrung from 
those who were unwilling. Again, in the controversy which raged 
a little later as to the effect of the enclosures in the Midlands, and 
particularly in Leicester, we are told of the lords of the manors and 
others anxious to enclose that if they cannot persuade, they com- 
mence a suit in law.” ^ 

The difficulty of this method was that ” the decrer; wcaild n(»t 
affect rights which wore claimed by others than th(^ parties to the 

case It may be suggested that it was the recognition of this 

limitation which led to the disuse of this particular method. Its 


* IbkU, pp. 53-4. 
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inability to procuie anything like a binding or universal consent, 
together with the difficulty attending purely voluntary, and even 
registered agreements, led to the open and steady demand for 
powers to prevent obstruction which could be obtained only by 
application to Parliament.” ^ 

“ This new stage on which enclosure enters under parliamentary 
authority admits of division into three periods. During the first, 
which extends through the eighteenth century to the general act of 
1801, the growth of the private acts may be traced from the very 
rudimentary form of the earlier acts to that high degree of develop- 
ment where, by leason of the very uniformity and complexity of the 
provisions included on each occasion, a general act was rendered 
not only feasible and useful but essential. The second period is 
from 1801 to 1842-5“ and includes the pnvate acts which were passed 
in accordance with the provisions of the general act. After 1846 
the powers hitherto exercised directly by Parliament, and through 
commissioners specially appointed by act, were delegated to different 
permanent bodies established by act, and subject to Parliamentary 
control, inasmuch as their decisions or orders had to remain on the 
table of the Houses before becoming operative.” ^ 

The usual procedure in making enclosures by private act was, 
at the close of the eighteenth century, when the technique had fully 
developed, as follows.^ Proceedings were commenced by a petition 
for an act, which involved considerable expense whether the act 
was ultimately obtained or not, and this placed the initiative in the 
power of wealthy owners only. A meeting of owners and others 
known to be interested had to be called and a preliminary agreement 
of all those who could be got to agree to submit their interests to 
commissioners sanctioned by Parliament was included in the petition. 
In most cases the commissioners, usually three in number, were 
named in the petition or draft bill. The commissionerB were usually 
paid. Probably the best “ were practical men with knowledge of 


' Ibid., pp. 55*6. 

* That is, to tho general aot of 1845. 

* Ibid., pp. 59*60. 

* Thi* ia abatiaotod from tivonor, ibid., Bgok I, Cliap. 111. 
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farming and surveying, who gained experience from being employed 
in enclosure after enclosure.” * The powers of the commissioners 
were considerable and each was bound by oath to administer with 
justice. Their award was final, except as to the title to propei-ty. 
The local proceedings were arranged with a view to publicity, and 
usually opened with a public meeting to consider the draft petition. 
After such negotiations and meetings as proved necessary, signatures 
of the draft bill were obtained and witnessed, showing the degree of 
dissent, if any ; and the act was then usually passed by Parliament 
with little or no alteration, if in the usual form. 

The commissioners being now appointed called a public meeting 
at the locality, at which they usually took the opportunity of 
obtaining public consent, or at least hearing objections, in regard to 
the surveyors and valuers they proposed to appoint. The survey and 
Valuation, the latter parcel by parcel for every holding, were then 
made. Besides fertility of the soil, drainage, situation and cost of 
enclosing wore always taken into account. The proposed allotment 
of new fields was then made, and a revaluation of the land on this 
basis. Upon the improvement of value thus ascertained was first 
assessed the cost of the enclosure ; and then the rights of tithe. 
Various lights of the lord of the manor, and of the forest ranger, etc., 
worn compromised. The commissioners then proceeded to lay out 
the village anew, apportioning land of amount corresponding in the 
proportion of new total value with the proportion of estimated value 
of the previous rights of each recipient. “ The new enclosures were 
as a rule regular and compact. . . . They lay, in the case of some, 
at a considerable distance from the little village of farm houses, 
while others had the advantage of having their holdings conveniently 
near.”® One of the most important duties imposed on the conmiis- 
sioners was the laying out of roads, which were to be planned before 
the land was distributed. The public roads were to be constructed 
at the common charge of the enclosure. Private roads for access 
to holdings were planned by the commissioners and the expense 
apportioned by agreement amongst those whose holdings they served. 

» Ibid; p. 75. « Jbid., pp. 82-3. 
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“ There is no doubt that the roadtnaking performed under the 
enclosure acts co-operated Avith the increase in and improvement of 
roads under the Turnpike acts * in effecting the great change in the 
means of loco motion which marks the end of the eighteenth century.” 
Fencing or hedging of the holdings was required to be done, and this 
bore heaAUly on the owners of small allotments, so that they 
frequently had to sell their lights to large holders. 

The expenses of enclosure were heavy and caused loud com- 
plaints by the smaller owners. The Board of Agriculture has 
calculated that the average area affected by the acts was 1,102 
acies each ; and that the average expenses were as follows : — 

X 


In obtaining tho act ... 

497 

Survey and valuation... 

... 259 

Fees of commissioners and pay of clerks, etc. 

344 

Fences 

550 


1,650 


This amounts to an average of £1 8,s-. Id. (or Rs. 21-1) per acre ; 
hut apparently it d(»es not include the assessed cost of roads. The 
appreciation of value was considerably more than this for the larger 
lioldings ; but hardly equal to the expense for the smallest of the 
new holdings. 

The subsequent history of the new comjiact holdings is one of 
gi-adual consolidation and enlargement. Immediately the re- 
cUstribution was effected and the land fenced, many cottagers and 
small liolders found theni.selve8 posses.sing a field of 5 to lU acies, or 
two fields aggregating 15 or 20 acres. They failed to make them 
pay, got into debt and sold their holdings, usually to the lord of the 
manor, wh(» threw such additional fields into his compact farms on 


i Turnpike TruHta originated in the desire to maintain and improve roads. In many 
eases, however, they are directed to the provision of new roads (see pp. 1851, xlviii ; County 
Report, Kent). While the first act was in the soventoenth century, such acts arc scarce till 
AxmOf and not really plentiful till towards the end of G. II., thenceforward they are very 
numerous. Tho trusts were usually for limited periods, but these were open to renewal . 
By the beginning of tho eigliteent h century, the length of road under Turnpike Trusts was 
akfut 17,000 miles (in 1818, 17,001, Tarl. Papers 1818, xvi. ; in 1821, 17,320, Pari. Papen^, 
1821, ir.), of course tho majority of roadn wore not under such t rusts, other roads being given 
in 1818 at 86,116 miles.” 
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wliicli li<! was procccdiijg to Imild Jaiiu lioust!s and laiiltlings. iAn 
the first f<nv years after enclosure all the cultivatojs, (iX(e})t tlie 
farmer of the old demesne, probably continued to live in tlie village; 
and go daily to their new fields. But with the gradual fonnation of 
larger farms, involving a considerable household working at one 
centre, there was a movement to secum a residence on the holding 
itself, and as fast as landlords could find capital for ])uilding faim 
houses the exodus from the village high streets took place. It is 
important to notice that holdings of less f haji about 40 acres in area 
were generally located as near the village site as possible. With 
the formation t)f larger farms many of the objections to isolated 
residence disap|)oared because there was usually a larger family and 
se\‘eial relatives and hired labourers living on the farm, stead. These 
numbers gave increa.sed .security, and a sufficient degree of social 
intercourse, if supplemented by visits once or twice a week hi the 
\'illage or market town. During the first three-cpiarters of the 
nineteenth century the movement for increasing the size of fanns 
seems to have continued in Kngland, two or three small farms of 
fifty to one hundred acres lieing thrown together and let as one. 
One of the farm houses and appurtenant holdings would l)<‘ 
greatly enlarged, and those of the other holdings Iw dismantled, 
or be let as residences with garden and paddock if anywhere 
near a town. 

It is worth noting that a A’^ast improvement in the intelligence 
and class of youths who remain to work on fanns in hingland has 
occurred during the past 15 years l»y the idieapening of the bicycle 
whereby they can meat daily in the evening in the \illage. It is nof, 
difficult to imagine how, in rural India, social life would be raised 
to an altogether liigher plane, vrere the holdings to lie sufficiently 
enlarged and methods of cultivation improVeil so that the majority 
of villagers could afford to own bicycles, and if inter-village roads 
were all metalled so that they could use them. The Indian Aullager 
is fond enough of gadding about if he gets the opportunity ; and it is 
difficult to overestimate the educational value of local as well as 
distant travel. Nothing would more rapidly diffuse an interest in 
and knowledge of improved methods of cultivation. 
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Mb. Moreland’s Note. 

In Ws note referred to above, Mr. Moreland first indicates the 
advantages which would accrue from a re-distribution of holdings ; 
and then rightly points out that the present waste of power becomes 
more serious as the cost of production increases. He regards it as 
desirable that experiments should l)e made in villages where condi- 
tions are favourable, and proceeds to outline a method of proceeding 
by arranging exchanges of fields. He then suggests that if it were 
“ found possible to make the bulk of the holdings in a village fairly 
compact,” the question of moving homesteads out would arise. 
“Where the. holding is at a long distance from the village, the 
cultivator might decide after discussion to build a house on it.” 
He next refers to the necessity of retaining the uneconomic holding 
(in due proportion) as a ladder by which the liest and thriftiest 
labourers can mount to the rank of cultivator. The next paragraph 
is important : if the result of experiments as above indicated should 
lie negative, the question would then arise of passing an Enclosure 
Act giving landholders the power to override the opposition of a 
minority and reorganize their villages with a clear course open. 
Finally he deals with the question of increasing the size of holdings. 

The criticism of thislastsectionof the note relatingto the sizeof 
holdings must depend entirely on the critic’s premises. Mr. Moreland 
writes as if looking at the question from what I hope I may call 
the old-fashioned point of view! The question with him is whether 
external economic forces will force attention to the size of holdings 
as a serious social evil through the margin between price and cost of 
production becoming less than a subsistence minimum. He thinks 
there is no reason for immediate anxiety, and hails the co-operative 
movement, especially co-operative purchasing and marketing, as a 
means of at least staving off, if it cannot permanently prevent, 
such a calamity. 

Objects of proposed ohanoes. 

My own object in the proposals which 1 shall make in the 
temainder of this paper is a very different one from that which may 
be inferred from Mr. Moreland’s note ; and I would submit ihat it 
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is of fundamental importance to have clearly in view the object of 
any proposed measures before judging them^ and that it is always 
necessafy to decide definitely upon the aim of any reform under 
consideration before proceeding to discuss what changes are needed 
and how they are to be carried into effect. 

In the measures which I shall now tentatively outline T keep 
constantly in view as their object the deliberate and progressive 
increase of the welfare of the Indian people. 

The economist is directly concerned with two ways of realizing 
this end : — 

(1) By the development of the economic resources of India 

with the utmost rapidity consistent with safety in 
assuring permanence of the results obtained. 

(2) By the provision of the physical basis for progress to a 

higher standard of life — intellectual, religious, moral, 
and social— by indicating— 

(а) how to utilize for this purpose with the greatest efficiency 

the wealth produced by the development of 
! resources ; 

(б) how the material environment, as regards dwellings, 

towns, roads, water-supply, public works, and so 
forth, may lie arranged so as to react with the 
greatest effect in the desired direction of intellectual, 
moral and social uplift. 

There can be no question but that the right line of advance in 
developing the resources of India is to utilize the machinery of 
Gt>vernment in order so to rearrange the land tenure system as to 
enable the existing body of skill and knowledge of the agricultural 
art possessed by the cultivators through tradition and by numerous 
trained experts, and the existing supply of capital in both private 
and State control, to be employed with the maximum of efficiency 
in the production of wealth. At the same time in devising measures 
to this end care should be taken that there is not a serious loss of 
character and other beneficial qualities of the agricultural population 
by the social revolution that must be caused, but rather that the 
measures taken for the production of wealth tend at the same time 
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to tho upbuilding of the more perfect man. Aa a step in this direc- 
tion I proceed now to define the type of rural conununity which 
appears to me to be a realizable ideal for the near future, and a very 
distinct advance along the road which I have indicated. 

I would like to say at the outset that my views on this question 
were only fonned after a visit last year to the Lower Chenab and 
Tjower Bari Doab canal colonies. I very much doubt whether any 
one who is not familiar with the wonderful canal colonies of the 
Punjab will have the faith that has been born in me as to the pos- 
sibility of the rural regeneration of the rest of British India. In the 
remainder of this paper f shall refer only to temporarily settled 
tra(!ts where zemindari system of landlord and tenant prevails 
as in the provinces of Agra and Oudh, the ('entral Provinces and 
parts of the Punjab. Much that 1 say will also be applicable to the 
permanently settled territories of the United Provinces, Bihar, 
and Bengal. 


{To he continued.) 



BLA.ST OF PADDY. 


BY 

W. MoRAE, M.A., B.Ro., F.L.R., 

Gow.rnmenl MycologiH, Ooinihaiorc. 

Tn Papanasani Taluk of Tanjore District in the Madras Presi- 
dency there was a marked shortage of this year’s second crop of 
the variety of paddy {Oryza saliva) called Korangu Samba. The 
cultivators attributed the short crop to unwonted rain at the end 
of December when the plants were in flower, but this is an after- 
thought I’cmembered at harvest-time to explain the shortness. 

As an example of how small the crop has been in particular 
fields the information got in the village of [Jniaiyjilprira}n is inter- 
esting. Last year as a second-crop paddy Korangu Samba gave 
1,008 Madras measures* per acre. This year one lacre gave 720 M.m,, 
of which 90 M.m. remained after winnowing. Another field of 
1^ acres gave 192 M.m., of which 20 remained after winnowing, 
i.e., 15 M.m. per acre. 

A ten-cent plot in a badly infected field in the village of 
Umbalapadi was harvested and winnowed in my presence. The 
yield consisted of 3-| M.m. weighing 308 tolas (almost 8 lb.), i.e., at 
the rate of M.m. per acre. The owner said that the usual yield 
in a ten-cent plot on this land was 120 M.m. and the Tahsildar told 
me that the average for the taluk was 72 M.m. Before I arrived, 
most of the paddy had been harvested, and of what still remained 
on the groimd this field was by far the worst I saw. Accordingly, 
though this experiment shows how great the loss can be, yet from 
it no estimate can legitimately be made of the loss over any large 
area and such an estimate I had no means of making, though figures 

* One llftdrM measare oontains 108 onbio inohea, and one H.in. of paddy woigha lb. 

( 65 ) 5 



66 


AGRICULTURAL JOURNAL OP INDIA 


[XIV, I 


given me by tlie Tahsildar from the village officers’ reports show that 
over an area of 1,687 acres in twelve villages the average yield of 
Korangu Samba was 216 M.m. per acre. In these villages, too, about 
428 acres of this variety were sown as first crop, three-quarters of 
which were in two villages. The yield varied from 36 to 720 M.m. 
per acre, the average being about 264 M.m. This shows that there 
was considerable shortage in the first crop this year. Outside 
these villages there does not seem to have been much talk of short 
crop and the variety is said not to be widely grown in the taluk as a 
second-crop paddy. 

Perhaps one can get a more impressive idea of the loss caused 
if it be given in money value on the basis of 12 M.m. to the rupee 
which was the price after harvest in February. In the two examples 
from the village of Umaiyalpuram given above, the shortage is 
1 , 008 — 96 = 912 , and 1 , 008-16 = 993 M.m. respectively, or Rs. 76 
and Rs. 82 per acre. In the field from which the ten-cent plot was 
chosen the shortage is 1,200 - 37 |^ = 1 , 162 | M.m., or Rs. 97 per acre. 
For the 1,685 acres the loss is 1,008 — 216 = 792 M.m., or Rs. 60 per 
acre, while over the whole area it is 1 , 336,104 M.m., or Rs. 1 , 11 , 000 . 
This is a very great loss indeed and bears out Metcalf’s^ expression 
that “ from the standpoint of the amount of loss it causes it 
undoubtedly ranks with the grain rusts as one of the most serious 
plant diseases of the world.” 

According to the villagers, Korangu Samba was first tried as 
second-crop paddy in Ganapathi Agraharam and was brought in 
1915 from a village about 25 miles south, where it was grown as a 
single-crop paddy. The 1915-16 crop in the new conditions was a 
very good one. Being well spoken of it was tried on a larger scale 
next year and the crop was again good, being 960 to 1,680 M.m. 
per acre. This year, however, it has caused much disappointment. 
To some other villages it was introduced in 1916 from a village where 
also it was grown as a single-crop paddy. The first year’s crop 
was a heavy one but this year it is very poor. Both these places of 
origin are outside the irrigated part of the Cauvery delta and the 


* Ho on pp. 99«1(M5 of Tht o/ Tropical Plants, by M T. Cook, I9i3. 
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soils are higher and more freely drained. This would naturally lead 
to a deeper rooting habit in the plant and this may account for the 
high yields which this variety gave in the first one of two crops after 
being introduced to the heavy soil conditions of the delta lands, 
though the variety seems not to have been able to adapt itself per- 
manently to those conditions after it had lost its initial vigour. 
Several people have declared that they will not grow this variety 
again. There is little likelihood of its being used in these villages 
and a note of warning has been given to ryots generally in the delta 
to avoid this variety in future on double-crop land. 

Characjters of the disease. 

Small spots appear on the leaves and extend through the tissues 
of the leaf, appearing equally on both upper and lower surfaces. 
Reddish or brownish at first, the centre soon becomes pale yellow. 
The spots extend more rapidly in the longitudinal direction and may 
become one inch long by one-fourth inch broad. By this time the 
edge of the spot becomes pale brown, and ultimately the whole area 
of the spot becomes brown. Adjacent spots coalesce. The brown 
areas sometimes extend along nearly the whole of one side of the 
leaf-blade or they may extend across it and the leaf gradually 
withers. The central part of the spot assumes a soiled, smoky 
appearance owing to the presence of the sporophores and spores 
in abundance, and this occurs on both surfaces of the leaf. Spots 
are found on the leaf-sheath as well as on the leaf -blade, and may 
also involve the ligule. When a spot is present at the junction of 
the blade and the sheath this part often becomes very dark brown. 
When that part of the leaf-sheath immediately outside a node is 
infected the stem below it is sometimes infected too, becoming 
almost black at the node and for a short distance above or below 
it or both. The stem sometimes bends over at this infected node. 
When the leaf that encloses the ear-head is infected some of the 
glumes touching the spots become dark brown and the region of 
the stem below the ear-head becomes brown and ultimately almost 
black for a distance of about one inch. This discoloration also 
extends upwards into the lowest bxMiches of the ear-head. Not 
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infrequently the stem collapses and breaks at this place and the 
ear-head hangs downwards. Apart from a few dark brown glumes 
the ear-heads usually look quite normal, yet the ears are seldom 
filled. They either have no rice-grains or Very stunted grains though 
some of them may be filled normally: From the ten-cent plot 
in a badly-infected field in the village of Umaiyalpuram mentioned 
above, the grains of fifty ear-heads that had a dark discoloration on 
the stalk just below the ear-head but that looked otherwise normal 
were counted. There were 7,275 paddy-grains, of which 171 were full 
and these were found on nine ear-heads, i.e., 2*3 per cent, of the 
grains contained rice-grains. Of the others a remnant of a rice-grain 
was present in each paddy rgrain, but it was of no use as rice. In 
many cases, the people had no suspicion that the plants were abnormal 
and they expected a good yield. It was only when the coolies, paid 
in kind for their first day’s work, complained that they got no rice 
from the paddy that the owners realized that their crop was short. 

A considerable number of plants appear to have been attacked 
while in quite a young stage. The earliest fonned leaves were 
covered with spots and were dried uj) as also were most of the 
later formed leaves. The plants were only about one foot high. 
They had very few stems with ear-heads and even these contained 
only empty grains. In other plants the main tillers had matured 
and there was a considerable amount of secondary growth of branches 
from them. The ear-heads of the latter showed arrested develop- 
ment and in many cases their branches were not expanded, but 
had remained together as they were in the stage when they pro- 
truded from the sheath. The ears very seldom contained rice- 
grains. These yomig branches as they were in all stages of develop- 
ment showed well the various stages of the attack. When a young 
branch had been attacked early, i.e., before the ear-head had come 
out of its sheathing letif, the leaves had numerous spots and were 
dried up and the ears were empty. The empty ear-heads stand 
erect tjaid are conspicuous in the field when the normally matured 
ear-heads all bend over with the weight of the grain. When a 
branch had been attacked later, the spots occupied a small propor- 
tion of the leaf-surface and the ear-heads were comparatively well 
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filled, though some contained stunted half-fonned rice-grains. On 
the other hand, some plants lightly attacked had well-filled ears- 
Thus a plant attacked in an early stage suffers worst while one 
attacked at a late stage of its development is but slightly aHe(;t(}d. 

In the early stage of the attack these characters are usually 
fairly definite, but as the general health of the plant becomes affected 
and it loses its green colour, the colouring of the diseased jjart 
becomes indistinct and the presence of the fungus is not easily 
recognized on the blackened, faded and discoloured leaves and 
stejus which become invaded by various saprophytic fungi. 

The characters of the disease found on Korangu Samba were 
also seen to a small extent on Karun Kuruvai, (.hinna Sirumani, 
V^ellai Sirumani, Thoga Samba and Tanga Samba though not on 
'rillai Samba, but there is no complaint of short crop on any of 
these. Two plants of ('hiuna Sirumani were found in the field from 
which the ten-cent plot was chosen but they did not have the 
disease. 

The fungus Piricukma oryzw was found on the spots on all 
positions in which they were found on the plant, viz., leaf, node, 
stem, ear-head and glumes, and in all the varieties noted. Its 
hyphae penetrated the cells of the various tissues and were found 
in abundance. The sporophores protruded in groups of two to 
four from the stomata and nearly every stoma on a spot had its 
quota. The spores were formed singly at the end of the sporophore. 
When one spore is shed the sporophore grows a little and produces 
another and five may be produced in all, though in culture 17 have 
been formed on one sporophore. When looked at through a lens 
the surface of the spot appeared to be covered with a brown delicate 
network, which consisted of sporophores and spores. The spore 
is pale yellow and pear-shaped, and at the broad end is a slight 
protuberance that attached it to the sporophore. Each spore has 
two cross walls dividing it into three cells. They germinate readily 
in water. Two hours after immersion they begin to germinate, and in 
eighteen hours have produced long branching h 3 q)h 80 sometimes with 
spherical resting spores with slightly thickened walls and dense 
protoplasmic contents. Metcalf says that the three-celled spores 
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rarely survive over three months, but that the resting spores may 
survive at least twenty months. There is thus ample opportunity 
for the fungus to live over the dry weather and infect the next 
crop. 

The fungus has been declared to be the cause of Brusone in 
Italy by Cavara and Farnetti, of rice-blast in the United States of 
America by Metcalf and Foulton, and of Imotsi in Japan by Kawa- 
kami. In these countries it has done a very great deal of damage. 

Seeing that paddy as it is grown is not adaptable to ordinary 
preventive measures like spraying, any method of control of the 
disease will have to be along cultural and selective lines. There 
seems to be a consensus of opinion among those who have investi- 
gated the disease that nitrogenous fertilizers render varieties of 
paddy more susceptible to the disease and this will have to be 
studied under the local conditions in Tanjore. The success that 
has attended the production of resistant varieties in other countries, 
especially Italy, is encouraging, if the disease becomes a menace 
to paddy cultivation in this country. 



EXHIBITS OF THE GOVERNMENT AGRICULTURAL 
CHEMIST, MADRAS, AT THE MADRAS INDUS- 
TRIAL EXHIBITION, DECEMBER, 1917. 


By 

M. R. RAMASWAMI SIVAN, B.A., 

Acting Government Agricultural Chemist, Madras, 


A CIRCULAR was received from the Director of Agriculture, 
Madras, on 16th August, 1917, stating that an industrial exhibition 
would be held at Madras during Christmas, the main object of 
which was to encourage the manufacture in this country of articles 
hitherto imported, and the Government Agricultural Chemist 
was specially asked “ to make endeavouis to show articles of food 
prepared from local agricultural produce which could replace 
similar imported articles.” The ordinary departmental work was 
at once stopped aird the whole of the staff turned their energies 
on to this problem. 

So far as food products were concerned, it was felt that the 
primary problem was the production of a good malt and malt 
extract, as these are important constituents of many patent foods. 
The scope of the work was extended so as to include other substances 
than foodstuffs and the articles finally prepai'ed for the exhibition 
may be classified as follows: — 

A. Infant and invalid foods. 

B. Breakfast and other foods. 

C. Flours and starches. 

D. Beverages. 

E. Casein and casein products. 

F. Miscellaneous. 

( 71 ) 
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A. Infant and invalid poods. 


The search for a grain of good malting capacity. Malted foods 
claimed first attention in the laboratory. As barley, which is the 
cereal grain almost universally used as the base for the preparation 
of different malted foods, is grown only to a small extent in Madras, 
a substitute for barley was sought for amongst the important cereal 
grains of the Presidency, viz., paddy {Oryza sativa), cholam {Sorghum 
vidgare), ragi {Eleusine coraca^ia), cumhu (spiked millet) and t&mi 
{Setaria italica).* These grains were each malted and their diastatic 
activity determined and compared ; the experiments showed that 
cholam and ragi malted as Well as barley. The malting process was 
canied out in the following manner ; — 

A quantity of each kind of gi'ain was soaked in water for 
24 houis, drained and spread in large tin trays to geiminate, the 
trays being covered with a wet cloth to preserve a moist atmosphere. 
After three to five days when the radicles were prominently visible 
and had attained a length of about | inch, germujatioii was arrested 
by first drying in the sha^ie for two days on the stone floor of the 
verandalis and then in the sun for one day, after which the malted 
grain was ground in a laboratory sampling mill. 

The diastatic actj\'ity of each malted meal was detennined 
as follows ; — 

Fifteen grams of the malt were digested with 250 c.c. of water 
at room temperature (average 28°C.) for four houis. The extract 
was filtered, the first portions being rejected. One c.c. of the 
filtrate was added to 15 c.c. of a 2 per cent, solution of soluble 
starch, and, at the end of one hour, the starch solution was tested 
with iodine. In the case of cltolam and ragi no starch remained, 
but in the case of others starch was present and had not been 


♦ According to the Agncultural Statistics 
normal acreages of the above crops were : — 

Paddy 
Cholam . . 

Ragi 

Cambn . . 

Barley .. 


of the Madras Presidency for 1916-17, the 
Acres 

. . 10,687,950 

5,407,460 
. . 2,002,360 

.. 3,609,120 

3,120 
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completely hydrolysed even after twelve hours, thereby indicating 
that cholam and ragi malted better than paddy, cmrtba, maize, or 
tenai. Preliminary experiments showed that cholam and ragi were 
a little superior to barley in diastatic activity as shown by colour 
reactions with iodine. Further investigations regarding the differ- 
ences in diastatic activity of barley, cholam and ragi and of the 
sugars formed by hydrolysis therefrom have been carried out and 
submitted for publication as a memoir in the chemical series.^ 

The malted cholam and ragi thus prepared were utilized for 
the preparation of several types of patent foods. 

Benger's food type. Hie coarsely ground cholam and ragi malts 
were sieved in a l(tO-mesh sieve to remove husk, mixed separately 
with arrowroot starch in the projiortion of 3 to 1 and bottled air- 
tight. Tims wer(f obtained two substitutes for Benger’s food, one 
from cholam and anotliei' from jw//. The prejiared foods had the 
same projxuties as Bmiger’s and, when prepared according to the 
directions given on the Benger's food bottle, wane found to have 
all their starch hydrolysed. 

Malt extract. Four hundred grams of cholam and ragi malts were 
each extracted with 1,200 c.c. of water at room temperature for 
threehours, filtered through muslin, clarified with kaolin and filtered, 
and the liquor evaporated in vacuo at a temperatme of 40-50°0. 
and at a pressure of about 50 m.m. so as to prevent the destruction of 
the diastase. AVhile tlr^ evaporation of the diastatic liquor was 
proceeding, the residue on the muslin was transferred tn a large 
flask with water and quickly raised to boiling, whereby the starch 
became gelatinized and the proteids coagulated. This gelatinized 
starch solution was filteied through a percolator and added gra- 
dually to the evaporating malt liquor, so that hydrolysis of starch 
took place simultaneously with the evaporation of the liquid. As 
soon as the contents of the distilling flask became sufficiently thick 
which usually took from 12 to 15 hours in the improvised appa- 
ratus, the malt extract was poured out into stoppered bottles. The 


^ Memoir vol. V, no. 4 of tho Chemical Series, by B. Viswanath, T. Lahshmana Raw and 
P. A. Raghunathaswami Ayyangar. (/» the 
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specific gravity of the extract thus obtained was 1*30 and, in order 
to imitate the colour and the caramel odour of the imported article, 
baked starch was added in some cases during the evaporation process. 
Malt extracts prepared from both cholam and ragi have kept well 
for over six months. 

MeUin’s food type. To the diastatic liquor referred to in the 
preceding paragraph, gelatinized starch solution was added in the 
proportion of 1 of malt liquor to 2 of starch solution and the whole 
evaporated in vacw). The residue was dried in vacuo and then 
jwwdered with some lactose, fomiing a satisfactory substitute for 
Mellin’s food. 

Horlick's tmUed milk tyite. Partially skinmied milk containing 
1 j)er cent, of fat ws evaporated and dried in vacuo at 50°C. The 
dry residue was powdered, mixed with desiccated malt extract 
(i.e., Mellin’s food) and sodiimi bicarbonate in the proportion of 
69 : 30 : 1 and quickly bottled. 

Samtogen, Plasrnon, 'and Eucasein types. Casein being the chief 
proteid material in milk and possessing good keeping qualities, if 
carefully prepared and stored dry, several patent foods have been 
prepared from casein and placed from time to time on the market 
under different trade names, viz., Lactarine, Guttman’s nutrient 
milk powder, Sanatogen, Eulactol, Eucasein, Plasrnon, Dr. Reigl’s 
milk albumen, etc. Carefully prepared dry casein is tasteless and 
odourless, somewhat resembling flour and is easily assimilable. 
The processes of manufacture of several of these different patent 
foods are not known with cei-tainty and the methods detailed here 
merely represent attempts made by the staff to prepare some of 
them. 

For the above foods, casein was precipitated from skimmed 
milk contairring very little fat by curdling rvith sulphuric acid and 
purified by squeezirrg the whey, redissolvirrg the curd in slight excess of 
ammonia and reprecipitating with slight excess of acetic acid. The 
purified casein was well washed with water, passed through a screw- 
press to remove water, dried at 70°C., ground to a powder and bottled. 

A substitute for Sanatogen was obtained by dissolving the 
casein in sodium glycerophosphate, evaporating the viscous mass 
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to dryness in vacuo and reducing the dried mass to powder. The 
product is soluble in water. 

A substitute for Eucasein was prepared by passing ammonia 
through casein suspended in alcohol and afterwards separating and 
drying the casein. This ammoniated casein is soluble in water. 

A substitute for Plasmon was made by mixing together 
80 parts of casein containing about 6 per cent, of fat, 7 parts of sodium 
bicarbonate and 13 parts of lactose. It is partly soluble in water. 

These three casein food products prepared in the laboratory were 
found to resemble the respective patent foods in colour, solu- 
bility and taste. 

Nulrose. Groundnut cake is a rich nitrogenous material con- 
taining 45 to 50 per cent, of proteids, and is used in the country cither 
as cattle food or as manure. With slight manipulation, it can be 
converted into a suitable human food and this has already been 
done in the highly advertised German food Nutrose.^ Proteids 
are made up of a number of amino-compounds but the proteids of 
groundnut cake are deficient in one of them, tryptophane. This 
is rectified by the addition of dried milk, casein or wheat flour. 

Good, well-pressed groundnut cake obtained from the Deputy 
Director of Agriculture, IV Ciiele, was ground and 94 parts of the 
meal mixed with 6 parts of casein and 1 part of sodimn bicar- 
bonate, the resulting product being similar to Nutrose. Nutrose 
is a Valuable invalid food, chiefly for diabetic patients of whom 
there are only too many in India. 

If 3 parts of wheat flour are mixed with 1 part of Nutrose, the 
resulting flour can be made into excellent bread, much superior 
in nutritive quality and taste to pure wheaten bread. 

B. Breakfast and other foods. 

Cheese. Good samples of cheese of the Cheddar kind were 
prepared successfully, notwithstanding climatic difficulties, by two 
methods — (1) by the addition of rennet, and (2) by som milk. The 


* The Agricultural Journal of India, voJ. XIII, part II, April, 1P18, pp. 351~36a 



IG AGRICULTURAL JOURNAL OP INDIA [XI V, I. 

cheeses were highly appreciated at the exhibition and pronounced 
to be excellent. 

Orape mUs. An attempt was made to reproduce this highly 
appreciated American food in the following maimer. A hundred 
parts of cJtolam or ragi malt were added to 400 parts of wheat flour, 
and water was added so as to produce a mass of a thick consistency. 
This was left for four hours so that as much wheat as possible might 
be digested by the malt. Three hundred parts more of malt were 
then added and the whole worked into a dough, together with some 
yeast, kept an hour to ferment and baked in a hot-air oven at 200°C. 
for aliout an hoxu’. The baked bread was next cut into thin slices, 
dried in the draught oven, coarsely pestled in a mortar and sieved 
to proper grains. 

Shredded wheid. b'lour milled from well-husked wheat was 
ciK)ked in steaiu for two horns. After cooling, a mixture of tartaric 
acid and sodium bicarbonate, in the proportion of 4 : 6 to 100 of wheat 
flour, was prepared and the mass was pressed through a die in a 
screwpress and the issuing shreds collected and rolled gently 
to resemble the imported article and then baked in the oven until 
dry and crisp. 

Vermicelli and macaroni. Fine wheat rolong was mixed with 
sufheient water and kneaded into a dough which was then passed 
through improvised dies in the screwpress. The shreds of ver- 
micelli and the tubular macaroni issuing from the dies were dried 
in the shade and packed. 

Desiccated coconuts. iJesiccated coconut is finding increasing 
application in the preparation of confectionery, sweets, etc., and a 
number of large factories are run in America for desiccating coconuts. 
Coconuts are plentiful in this country and the principle of manu- 
facture of desiccated nut is quite simple. Coconuts of medium 
ripeness were scraped in the household coconut-scraper, spread 
in thin layers in a draught oven, dried and secured in air-tight 
bottles, the preserved coconut forming a crisp material. This was 
much appreciated at the exhibition. 

Candid peel. Healthy skins of oranges and lemons, with 
their inner placenta removed, were boiled in water until they became 
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soft and the water was drained off. Concentrated thick syrup of 
cane sugar was prepared and the boiled orange and lemon skins 
were suspended in the same imtil they became translucent. The 
peel was then removed, dried and once again treated with boiling 
85 mip of proper consistency, and stirred until the candied peel nearly 
set, after which it was stored in bottles. 

C. Flours and starches. 

Soup flmirs. Pea flour is the one ordinarily used for making 
soup for European tastes. As peas are only grown to a small extent 
in the Presidency, wheretis several pulse grains arc grown in very 
large areas throughout the country, an attempt was made to 
prepare soup floure from the.se pulses as substitutes for pea flour. 
Healthy grains of red gram or dholl (Cajanus indieics), Bengal gram 
(Oicer arietimim) and green gram {Phaseolus mnngo) were dried in 
the sun and soaked in water, the lighter grains were scooped out 
and the soaked grains dried and husked in light stone mills. After 
winnowing, the clean kernels were ground into flour in a heavy 
country stone mill, sieved through a line mesh sieve, dried in the 
steam oven and put in bottles. I’lie flours ha\'e kept well for over 
six months and liave been pronounced, after actual use in cooking 
on a number of occfisions, D) lx* a.s good as ])ea flour for jiiaking 
.soup. 

StarcJtes. Pure white starciies are in very great denrand in 
the country, chiefly for textile fabrics. Cholmn, mgi and sweet 
potatoes were manipulated in the following manner for making 
starches ; — 

Cholam and ragi grains were separately soaked in U’3 per cent, 
caustic soda for 24 hours, washed free fixun alkali, dried in the sun 
and groimd into flour. The flour was now soaked in 0’15 per cent, 
caustic soda for another 24 hours, the supernatant liquid was 
siphoned off and the starches were well washed until free from alkali, 
and the fine starch granules were separated by sedimentation, dried 
in the sun and stored. 

In the case of sweet potatoes, well-washed tubers were scraped 
on the surface to remove the brown thin skin, ground in a mortar 
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to a soft pulp and mixed with water. The starch granules were 
separated by sedimentation and dried. 

All the three starches were fairly pure and analysed as follows 


Samples 

1 

Pure itaroh 

i 

I 

i 

Moisture 
at lOO^C. 

Starch from cholam 

84*92 

j 

8*79 

.« ragi 

84*79 

! 

io*ai 

„ sweet potatoes 

85*20 


9*09 


D. Beverages. 

Lime juice cordial. The juice of lime fruits was clarified 
with kaolin, sweetened and sterilized. This refreshing drink has 
kept well for six months without undergoing fennentation. 

Chdam heer. Four thousand grams of malted cholam were 
ground into a meal, mixed with 15 litres of water, to which 6 grams 
of CaSO« were added and the whole was maintained at 65° to 70 °C. 
with continuous stirring for three hours, by which time it was found, 
by testing with iodine, that all the starch had been hydrolysed. 
The liquid was quickly raised to the boiling point at which it was 
kept for an hour, 20 grams of taimin and 100 grams of bitter gourd 
powder having previously been added. To some of the samples 
2 oz. of hops were added. The mash liquor was filtered, cooled 
quicldy in running water, diluted to a specific gravity of 1'050 and 
transferred to glazed pots such as are used in the pot culture house. 
Baker’s yeast was added to a small quantity of the mash liquor to 
start fermentation and this was added, after six hours, to the liquid, 
in the pot. The rate of fermentation was tested by specific gravity 
which gradually went down to 1‘025 in 24 homrs and then remained 
stationary. The liquid was poured into beer bottles and corked 
secure. There was no attempt made at pasteurization for want 
of suitable apparatus. The beer was tolerably good for a first 
attempt. 

E. Casein and casein products. 

Casein. Skim milk (cows’ or buffaloes’) from a cream separator 
was used for the preparation of casein. While the coagulation of 
milk can be effected by several methods, e.g., by the addition of 
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sulphuric acid, rennet or sour milk, precipitation by sulphuric acid 
was found most convenient aud was effected by mixing 1| parts by 
volume of strong sulphuric acid with 7 parts of water and adding the 
mixture to 1,000 volumes of milk. The precipitated casein was 
washed and dried and formed the base for the manufacture of a 
number of products. 

Casefin paints and distempers. Casein dissolves in solutions 
of the hydroxides of alkali and alkaline earth metals, being less 
soluble in the latter. The casein-lime compound, however, has 
the power of absorbing carbonic acid from the air and becoming 
insoluble, and it is this property which is utilized in the making of 
casein paints and distemper's. These consist of mixtures of casein 
and slaked lime with suitable pigments. On the addition of water, 
the casein and lime combine to form a sticky soluble product 
holding the pigment in suspension. When spread as a thin layer 
with a brush on any surface — wall, timber or iron— it absorbs 
carbonic acid from the air becoming an insoluble durable coating 
which holds within itself the particles of the pigment. When 
applied to walls, the paint enters into combination with the under- 
lying plaster and becomes increasingly durable. 

The proportions of lime to casein and of the lime-casein to the 
pigment in the mixture are important. Too little lime makes the 
product insoluble, especially if exposed during storage, and too much 
lime induces the paint to come off in flakes. Similarly if too little 
paint be added, the coating is brittle and liable to flake off, and if 
too much, the paint wiU dust off and not stand washing. Again, it is 
only those pigments which are not affected by lime that are suitable 
for the nmnufacture of casein paints. These are, for example ; — 


whiting, zinc oxide and China clay . . for ivhite 

ochre, chrome yellow, etc. . . for yellow 

raw and burnt sienna and umber . . for brown 

soot and carbon blacks . . . . for Hack 

red lead . . . . , . for red 

ultramarine .. .. .. for blue 

green earth, lime green, etc. . . for green 

and 80 on 
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The recipes for the different paints are slightly different. 
White paint may be made up of casein 100, slaked lime 100, levigated 
chalk 800, borax 1 and ultramarine 2 to 3 parts by weight, while 
the coloured paints may be made from casein 100, slaked lime 100, 
levigated chalk 400, pigment 400 and borax 1 part. It is important 
that the ingredients are very finely powdered and thoroughly dried ; 
when stored in tightly closed boxes lined with paper, the mixtures 
keep indefinitely without losing their properties. 

For use, .50 parts of wiiter are added to 100 parts of the powder 
in a. clean vessel and stirred until the mass is homogeneous and 
free from lumps. The contents are then covered with a thin layer 
of water and set aside for 45 minutes, after which they are stirred with 
nrorc water to the consistency of an oil j)aint. 1’hus prepared, it 
should be used without delay as it is liable to set hard in a com- 
paratively short time becoming unfit in twelve hours, llougli surfaces 
must be painted thinner than smooth ones. As mentioned 
above, the paint will {idhcre to any clean surface, such as lime, 
plaster of Paris, cement, jfiaster, brick, timber, stone or metal, as 
well as canvas. It dries quickly with a matte surface and, after 3(5 
to 48 hours, can be washed without fear and will stand the weather. 
So long as (fid coatings of lime on walls are rejuoved and the sub- 
stratum is firm, the casein paints will readily adhere and will not 
crack or peel off. A glossy paint for indoor use can be produced 
by spraying the painted surface with a mixture of turpentine and 
wax and polishing it afterwards. 

Casein adlwsives. Casein, in solution with caustic alkalis or 
alkaline salts, has adhesive properties and, as such, has been 
applied for the preparation of glues and cements which have been 
placed in the market under various trade names, such as casein- 
glue, cold glue, caseo-gum, etc. These are suitable for several 
industrial puTpf»ses, especially in wood work, as they are ready 
for inmrediate use without previous soaking and heating as with 
ordinary glue. 

For wood, China and glass, 15 to 20 parts of casein are mixed 
intimately with 1 to 4 parts of borax and sufficient water added 
with careful stirring, when required for use, 
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Casein dissolved in a strong solution of borax forms a good, clear 
adhesive, keeps indefinitely and can replace gum arabic or dextrine. 
Caustic soda or potash or ammonia could be used instead of borax 
in making this liquid glue and the addition of a little carbolic acid 
or thymol prevents any chance of putrefaction. 

Casein film . — Casein was tried as a substitute for gelatine 
in the preparation of photographic paper with good results. Writing 
paper of good quality was coated with a solution prepared as 
follows : — 

Seventy grams of casein were heated with one litre of water 
to 60°C., 100 c.c. of a 25 per cent, solution of citric acid added and 
the mixture stirred until a homogeneous solution was obtained. 
Twenty grams of glycerine were then added. 

The paper which was coated with the above was, after drying 
in the shade, drawn through a 5 per cent, solution of ammonium 
chloride to render the casein insoluble, dried and sensitized in the 
dark room by floating in a 10 per cent, solution of silver nitrate, and 
again dried in the dark room. Prints were obtained as on ordinary 
P. 0, P., and the operations of toning and fixing were the same 
as with P. 0. P. Several photographs printed on Government 
lined paper were exhibited. 

Shoe and boot polishes. After several trials, the following 
recipes were found successful : — 

Brofwn polish. — Dissolve 1 part of borax in 20 parts of water, 
add 6 parts of shellac and warm imtil dissolved. Add \\ parts of 
soap and 2 parts of casein and stir over the water bath until a homo- 
geneous paste is obtained. Now add 2 parts of hard paraffin and 
incorporate with the paste, and then add gradually, with constant 
stirring, 30 to 40 parts of turpentine, thinning down with more water 
as may be fotmd necessary. Finally add enough annato extract 
to give the required shade of colour. 

Black polish. — Dissolve 2 parts of casein in 40 parts of vinegar, 
add 2 parts of paraflSn and heat on (he water bath, stirring the while 
until a pasly mass is obtained. Next add 60 parts of turpentine gradu- 
ally and stir on (he water bath to a nnilorm paste; adding water as 
may be necessary, and then incorporate sufficient lamp black into it. 

6 
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A few drops of nitrobenzene are also added at the end to give an 
agreeable smell. 


F. Miscellaneous. 

Lactose or milk sugar. The whey draining from the curd in 
cheese-making was acidulated with acetic acid and heated on the 
water bath. The precipitated milk albumen was removed by 
straining and the evaporation was continued on the water bath 
until the liquid began to turn brown, after which the concentration 
was continued in vacuo until a syrup was obtained. This was 
poured in porcelain dishes and allowed to crystallize. When 
crjrstallization was complete, the mother liquor was drained off and 
the crystals were washed with a fine spray of water from which and 
the mother liquor a second and then a third crop of crystals were 
similarly obtained. The different crops of crystals were separately 
redissolved in water, shaken with bone charcoal and filtered. The 
resulting clear filtrate was concentrated in vacuo. In the absence 
of a centrifugal machine, the final separation of lactose was effected 
by the addition of alcohol and filtering. From the first crop of 
cr 3 r 8 tals a white product was obtained while the other two gave 
brown coloured crystals of lactose. 

Citric acid. limejuice clarified with kaolin was tested for 
acidity and the calculated quantity of powdered calcium carbonate 
added to the boiling juice whereby the calcium citrate was 
precipitated. The precipitate was washed with boiling water by 
decantation and the calculated quantity of sulphuric acid (1 of acid 
diluted with 3 of water) added to the boiling solution, when 
calcium sulphate was precipitated and the citric acid went into 
solution. The sulphate was filtered off and the filtrate was eva- 
porated and allowed to crystallize. The crystals were drained from 
the mother liquor, dissolved again in water, evaporated in vacuo 
and allowed to crystallize. A portion of the crystals was 
lecrystallized by dissolving in water and allowing the water to 
evaporate slowly at a low temperature. 

Tastmnc acid. Full grown tamarind pods — ^aot ripe fruits— 
were crushed in a niort^ to a pulp, soaked in water, filtered •over 
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a cloth, boiled with jkaolin and filtered under the pump until a clear 
filtrate was obtained^ This was tested for acidity, the calculated 
quantity of calcium carbonate was added to convert the acid into 
calcium tartrate and the calculated quantity of sulphuric acid 
(diluted 1 to 3) then added to the boiling solution, when calcium 
sulphate was thrown out as a precipitate and filtered off and 
free tartaric acid left in the filtrate. This was evaporated at a 
low temperature and allowed to crystallize. The crystals were 
separated from the mother liquor, redissolved in water and eva- 
porated in vacuo and allowed to crystallize. 

The two acids, citric and tartaric, prepared as above, are 
commercial products and cannot be said to be absolutely pure. It 
is proposed to estimate their exact composition later on. 

Papain. Papain is a digestive enzyme acting on the proteids 
of food and converting them into soluble peptones. In this respect 
it resembles the pepsin of the gastric juice, but is superior to it in 
that the latter can act only in an acid medium, while the former 
can act in acid, alkaline or neutral solutions. The ferment can be 
easily obtained from the juice of the papaya fruit. Half-ripe papaya 
fruits, as they stand on the tree, are pricked with a small knife 
when a milky fluid exudes which soon coagulates to a plastic mass. 
A fair quantity is thus collected from a number of fruits, the fruits 
themselves not being spoiled in any way, and then extracted 
repeatedly with water in which the papain is soluble. The li^d 
is filtered, evaporated at 60°C. in vacuo, and the residue is aigain 
dissolved in the smallest quantity of water. The enz3rme is now 
precipitated by the addition of alcohol, filtered, dried at a tempera- 
ture of 40°C., powdered and stored in bottles. 

Conclusion. 

The Acting Agricultural Chemist and the staff attended the 
exhibition wherein the Chemist’s stall attracted a great deal of 
attention from all classes of visitors and a number of samples of 
the exhibits were distributed. 

It was a source of satisfaction to the staff that the Chemist’s 
section was awarded ope of the few gold medals presented by the 



84 


AGRICULTURAL JOURNAL OP INDIA 


[XIV, I. 


exhibition and also two Diplomas of Excellence — one for “Food 
Products” and the other for the work of the section in general. 
While the work done so far in the laboratory at Coimbatore in- 
dicates that great possibilities exist for the manufacture of suitable 
substitutes for articles now imported out of indigenous produce, 
it has to be borne in mind that the investigations are far from com- 
plete and require more concentrated application than possible in 
the laboratory of an agricultural chemist, wherein a certain amount 
of routine work on soils and manures has to be got through every 
year. The commercial possibilities of the manufacture of the above 
articles caimot be discussed at this stage until actual trials have 
been made on a larger scale and the investigations are more complete. 



LUCERNE: WHY AN IRRIGATED CROP? 


BY 

Major J. MATSON, 

Assiskinl Director of MUUary Fartns, Northern Girete. 


I 

All the writers on lucerne in this country speak of it as a 
crop which can only be grown by the aid of irrigation. Certainly 
in the more arid districts it is impossible to grow it without, but we 
are told that lucerne is successfully grown in America, unirrigated, 
in districts having a much smaller rainfall than the averages of the 
United Provinces and much of Eastern Punjab. Further, of all 
plants it is, or should be, suited to maintain itself alive in periods 
of drought, in view of its deep-rooted character. 

Lucerne is such a valuable fodder that if it can be grown on 
unirrigated land, a valuable addition to the stock-carrying capacity 
of the country will be obtained. 


11 

Accordingly, trials were decided on, and in the autumn of 1915 
a plot, measuring 4’6 acres, was selected on the Cawnpore Glovern- 
ment Dairy Farm. The soil is a free-working loam of good quality 
and fairly well drained ; it had been trenched in with bazaar sweepings 
twelve inches deep in about 1904, but in 1915 the only trace of the 
trenching was a thin black line about ten inches below the surface. 

The plot was in grass, cut annually for hay, until 1914, and was 
then sown to jowar (A. Sorghum) in the summer, and barley in the 
winter ; in 1916, sown to jowar in the summer, and in the winter to 
oats in which 8 lb. of lucerne seed was mixed. 

' ( 85 ) 
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i When the oats were cut, lucerne plants were found thinly dotted 
about. These seemed healthy and strong, and it was decided to 
put the plot down to lucerne alone the following autumn. In 
preparation for this, the land was ploughed five times during the 
summer, a remarkable thing being that the scattered lucerne plants 
above mentioned were not killed in the process, although iron ploughs 
were used. No doubt a few died, but the bulk survived. 

During the rains it was frequently cultivated to keep down 
the weeds, and sown on 29th September at the rate of 18 lb. 
per acre. A very good take resulted, and the crop grew well. 
Cutting began on the 28th of December and continued daily for 
issue to the stock, the rate of cutting being regulated by the pace at 
which the cut plants grew again, so as to have a continuous issue. 
This continuous cutting was kept up until the 10th of June, 1917, 
when the total production amounted to 95,014 lb. green lucerne, or 
20,655 lb. per acre. At this time the growth had slackened, though 
it had not entirely ceased. 

After the first monsoon rainfall, another cutting was soon 
ready and removed from 4th July onwards. The fifth cutting 
was taken in August, and a sixth was ready early in October, but 
this was made into hay and is not included in the recorded weights. 
The actual quantity of green lucerne cut in the twelve months from 
the date of sowing was 149,130 lb., or 32,421 lb. per acre. It was 
estimated that, with the October cutting made into hay, which was 
ready within twelve months from the first cutting, the outturn of 
green lucerne, per acre, was about 39,000 lb. 

After each cutting the land was harrowed, the first time very 
lightly, but increasing in depth after each cutting until at the fourth 
time the harrows were run two to three inches deep. Seven*tine 
spring-toothed harrows were used and they kept the land thoro ug hly 
clean. 

The outturn is less good than it might have been, had not 
“ dodder ” appeared in two or three patches in April 1917. We 
were advised to plough up the whole field, but by cheding (scraping) 
the patches we were able to get rid of the pest, and then, in the 
autumn, resowed them. 
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In the winter and spring of 1917-18 the plant grew practically 
as well as in the year before, but the measures adopted to eradicate 
“dodder” reduced the outturn. 

In both years the land was given a light dressing of rotted 
cattle manure, which no doubt helped the plants to some extent ; 
but the important point is the ability of lucerne to establish itself 
and grow during eight months of practically rainless weather. 
This it has done now for two years in succession, or three years if 
the light seeding of 1915 is counted. 

The rainfall, outside the monsoon season, has been as 
follows : — 

1st October, 1916, to 1st June, 1917 . . 7*04 inches. 

1st „ 1917, to 1st 1918 .. 4*84 „ 

As the results at Cawnpore, however, were likely to have been 
aided by the moisture-retaining properties of the old trenching in of 
bazaar rubbish, it was decided to make a concurrent trial on land 
having characteristics exceptionally unfavourable to conservation of 
moisture. 

At Kamal a plot was prepared on the edge of a ravine, one of 
the poorest pieces of soil on the whole farm and exceptionally dry. 
This was sown in the autumn of 1916 also. The seed germinated 
well and in April of this year (1918) the plants were still alive and 
healthy, but the rate of growth has been slow throughout. This 
plot is in the middle of a grazing held and the cattle have grazed the 
lucerne with the grass, so no record of outturn has been kept. 
The only object was to discover if lucerne would remain alive 
under such conditions and this it has done. It should be stated, 
however, that the seed in this case was not ordinary Indian lucerne 
but a variety obtained from the United States called “Montana 
Dry Land Alfalfa.” 

Still another trial has been made since at Ambala, a plot of 
about one acre being sown down in the autumn of 1917. It was cut 
three times in the following winter and spring, and a fourth crop 
was kept for seed and harvested in June. 
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The rainfall at Ambala from 1st October, 1917, to let June, 1918, 
was 10' 83 inches. 


Ill 

The trials, and our observations during their progress, go to 
show that unirrigated lucerne can be established successfully on 
most soils of the Gangetic plain, and that where there is sufficient 
moisture in the subsoil it will give a highly remimerative outturn 
throughout the winter and early summer, if the soil is of good 
quality and well drained. 

The outturn will not, however, be quite as much as would be 
obtained from the same land under irrigation ; on the other hand, 
the percentage of dry matter in the green lucerne is believed to be 
substantially higher when the plant is grown naturally than when 
forced by irrigation in a heated atmosphere. 

The Cawnpoie plant was not very high at any time, but the 
Ambala specimen was fully up to what would be called a good crop 
on irrigated laud. 

The rate of growth between cuttings was clearly and increasingly 
slower than it would have been under irrigation as the summer 
advanced, but it was steady and continuous till well on in June 
at both stations, which is very remarkable. 

Another point to notice is that the unirrigated lucerne withstands 
the monsoon much better than the irrigated, and grows as naturally 
as at any other time. All the writer’s experience of irrigated lucerne 
is that it gets sickly and practically stops growing in the rains. The 
reason no doubt is that the irrigated soil is already saturated 
underneath when the rains come and lucerne cannot withstand the 
consequent water-logging. 

The general result of the trials appears to have a wider appli- 
cation than the military farms. 

Two main limitations on the productive capacity of the average 
cultivated holding are— 

(a) shortage of cultivating power— in other words, lack of 

fodder for cattle ; 

(b) lack of soil moisture. 
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With irrigation allowed on, say, one-third of his total area, the 
cultivator cannot be expected to devote irrigated land to any 
but “ money” crops. 

On the unirrigated land, he can spare a very small area for 
fodder crops in the kharif (monsoon cropping), and he has a certain 
amount of stalks and straw as by-products both then and in the 
rahi (winter cropping), but the total is far too little. 

Advice to grow special fodder crops, such as berseem, for 
instance, which must be irrigated copiously, naturally finds him 
unresponsive. 

As to harani fodder crops, in winter the soil moisture is jiever 
sufficient t-o give a heavy yield, and though a man may bo driven to 
sacrificing a patch of his wheat to tide over a month of scarcity, 
he is fully alive to its wastefulness and the loss of money he 
incurs. 

Lastly, as we know, the fodders usually produced, stalks, 
hhma and the like, are most innutritions, and if they are to do more 
than just keep cattle alive must be supplemented by oilcake, etc., 
at substantial expense. 

If therefore we can find a crop which — 

(а) need not be irrigated, 

(б) will grow at that season of the year (January to June) 

when fodder is scarcest, 

(c) has high food value itself and hence requires little, if 

any, supplement in the form of concentrates, 

(d) produces a greater total weight in twelve months than 

other fodder crops, 

(e) once sown stands for two or more years, and so saves 

renewed preparation of the soil and purchase of seed, 
a substantial economy must result from its use. 

If, in addition, the crop is one which need not displace any 
other but rather takes the place of the fallow, and this I think can 
be claimed for lucerne in most cases, there is a clear gain in the total 
productive capacity of a given area. 

It is not suggested that there is anything new about lucerne but 
it seems possible that we have overlooked its greatest value, namely. 
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ability to obtain moisture' in situations where no other fodder plant 
can. 

The success of the trial at Cawnpore was mainly due to the very 
thorough and painstaking work of Mr. B. J. Newman, then Manager 
of the Government Dairy Farm there. The whole idea was as much 
his as the writer’s. 



THE TRUE SPHERE OF CENTRAL CO-OPERATIVE 

BANKS. 


BY 

N. K. KELKAR, 

Governor of the Co-operative Federation, Central Provinces and Berar. 

“ If the foot shall say Because I am not the hand 
“ I am not of the body ; is it therefore not of the body ?” 


The July (1918) issue of the AgricuUural Journal of India (vol. 
XIII, pt. Ill) contains an article from the pen of Mr. R. B. Ewbank 
on “ The True Sphere of Central Co-operative Banks.” It is stated 
that in the last few years there has been a distinct tendency, most 
marked in the Central Provinces, the United Provinces, and Bihar and 
Orissa, to make the District Central Bank the pivot of co-operative 
administration. The arguments arc based mainly on theoretical 
grounds but reference is made to the practice adopted in the United 
Provinces, and it is implied that the practice adopted in those 
provinces is typical of the system adopted in the other provinces 
mentioned. A very copious extract is given from Mr. W illoughby’s 
last (1916-17) Administration Report for the United Provinces. As 
I shall have occasion to refer to this extract it will bear quoting 
again at length. 

“ The system to which we are committed in this province 
entrusts the finance, supervision and indeed the whole fortune of 
the movement to the District and Central Banks. These banks are 
administered by Boards of Directors who are predominately urban 
and professional. Such bodies are by their constitution ill-adapted 
to establish the intimate contact required for the fostering and 
training of such a delicate plant as the young village credit society, 
or even for its control or finance when adult. The lawyer, banker, 

( 91 ) 
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and other professional gentlemen can hardly be expected to find time 
constantly to visit villages, often distant, and to find out what their 
staff is doing there. They are inevitably dependent on their paid 
staff. Now no committee of townsfolk can lend money with 
advantage or safety to a multitude of individual rustics whom they 
have never seen and never met and whose credit they cannot gauge 
through a staff whom they cannot check or control. The attempt 
is apt to result in the mere substitution of the urban middle class for 
the village money-lender as the usurer without advantage to either 
lender or borrower. For with an imcontroUed staff the effective 
rate of interest really paid tends to be quite as high as the bania’s. 

Experience has 

continued to show that too many central societies regard their 
primaries Tather as customers to be bled than as children to be 
fed.” 

It is noticeable that if this indictment of the system of control 
by Central Banks is accepted at its face value it would prove very 
much more than Mr. Ewbank would accept. For it would indicate 
not only that Central Banks are incapable of undertaking the audit, 
training, organization, etc., of primary societies, but also that 
Central Banks are incapable of performing with safety to their 
shareholders and with advantage to their primary societies those 
financial functions which Mr. Ewbank claims to be their sole raism 
d'dre. Indeed no system of Central Banks which “ cannot lend 
money with advantage or safety to individual rustics whom they 
have never seen and never met tnd whose credit they cannot gauge 
through a staff whom they cannot check or control,” would be a safe 
foundation on which to base that organization of central finance 
which Mr. Ewbank deems to be most desirable. It is worth while 
therefore to consider whether the system described by Mr. Ewbank 
is the system which is in force in those other provinces to which he 
alludes. So far as the Central Provinces are concerned it may be 
at once stated that the Central Bank is not the pivot of co-operative 
administration, and that neither control of audit,, training, orga- 
nization dr propaganda is entrusted to it. The pivot of co- 
operative administration in the Central Provinces is the Co-operative 
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Federation which consists of all co-operative institutions in the 
Central Provinces voicing their opinion in the Federation Congress 
by representatives duly elected on democratic principles. Audit 
is under the control of the Eegistrar though the staff is partly paid 
from Federation fimds, but the training, organization and propa- 
ganda are under the control of the Federation acting through its 
local representatives. 

There is no little confusion in the use of the term Central Bank 
as applied to the controlling agency and it seems desirable to 
understand clearly what is meant when reference is made to control 
by a Central Baixk. The Central Bank is a body corporate. It 
can advance money because as a body corporate it can hold property. 
Its Directorate may even pass resolutions on questions of policy. 
But when we speak of control and supervision of primary societies 
by a Central Bank we are really guilty of a terminological inexacti- 
tude. Primary societies can be supervised and controlled only by 
individuals. It is quite impo.ssible to think of a (Central Bank or 
even the Directorate of the Central Bank inspecting societies. The 
question that we must decide therefore is whether in the Central 
Pro'vinces the Co-operative Federation should entrust the fulfilment 
of its resolutions to individuals, who I're also either members or 
Directors of the Central Bank. 

In his article Mr. Ewbank gives a description of the fimctions 
of the Central Bank but nowhere lays down either what its consti- 
tution is or what it should be. There is a brief reference of a line 
or two to the representation of primary societies on the Central 
Bank Directorate but the subject is not pursued. But clearly the 
constitution of the Central Bank is of the utmost importance in 
deciding the relation it should bear to its primary societies, and a 
discussion of this matter is therefore essential to the proper appre- 
ciation of the problem. There are three types of Central Banks. 
The first t3q)e sprang into existence when the necessity for affording 
financial facilities to the primary societies first made itself felt. 
The function of this type was, as Mr. Ewbank says, to advance 
loans to primary societies ; it consisted of a small lx)dy of individual 
znembers having no finanoisd stake in the primary societies who 
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put up the share capital necessary for the commencement of the 
business. It is in this sense that the term Central Bank is understood 
both in Mr. Willoughby’s report and Mr. Ewb'ank’s article, and it is 
against the interference in the affairs of primary societies by the 
Directors of Central Banks of this type that Mr. Ewbank’S warnings 
are directed!. And no doubt what Mr. Ewbank says has very great 
force in it. For it is obvious that unless the shareholders in a 
Centtal Bank are imbued with the true co-operative spirit and 
unless they are enthusiastic and their higher ideals are aroused, 
there is a very great danger of interference with the primary 
societies in the interest of what is commonly known as dividend- 
hunting. We have had our experience of this type of Central Bank 
in the Central Provinces, but our experience has been more fortunate 
than appears to have been the case of the United Provinces. Our 
Directorates were originally formed of Malguzars, richer agri- 
culturists, pleaders and a small sprinkling of money-lenders. But 
we have always been able to secure on the Directorate men whose 
enthusiasm has been aroused and whose work has been disinterested 
and truly co-operative, and it is to such men that in the commence- 
ment the Co-operative Federation entrusted the execution of the 
policy laid down by it. Our lawyers have found time to visit 
village societies ; in fact in several Central Banks the prominent 
pleaders have spent every civil court holiday throughout the year 
on tours of this sort. Our Secretaries of Central Banks have made 
a point of seeing and discussing village affairs with the societies when 
they come to Central Banks to take their loans, and even in the 
first stage of Central Banks it would be incorrect to say that the 
Board of Drectors had been out of touch with primary societies or 
out of sympathy with their demands and requirements. At the Miuft 
time so long as there is a possibility of a clash of interests between 
the individual shareholders of the Central Bank and the primary 
societies, it cannot be held that the organization is truly co-operative, 
and it is for this reason that we have advanced in the Central Pro- 
vinces to the second form of constitution of Central 

In ^ second stage the societies, having by this time acquired 
snfficient reserve funds or accumulated profits, are in a posifaoo to 
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take up shares in Central Banks. Inasmuch as the number of 
societies in these provinces is larger than the individual shareholders 
the societies have acquired a controlling interest in the banks and 
the majority of the Directors of the Central Bank are elected from 
amongst their own members by the primary societies and Circle Unions 
affiliated to the bank. The primary societies have thus a controlling 
voice in all questions of policy in the bank (subject of course to the 
resolutions not conflicting with the resolutions of the Co-operative 
Federation by which so long as they continue members of the 
Federation all are boimd), and any attempt at selfish interference 
in the affairs of the societies in the interests of the individual share- 
holders of the bank would be very quickly suppressed. For it is 
not true, as some people believe, that the agriculturists are diunb, 
voiceless individuals. On the contrary, when their interests are 
concerned they are quick with their suggestions and slow to accept 
interference even by the more educated shareholders. The third 
type of Central Banks I need not discuss. It is an ideal to which 
we hope to attain, when the primary societies’ reserves are sufficient 
to take over the shares now held by individual shareholders both 
in Central and PrCvincial Banks. The accomplishment of this 
will take time, but when we shall have accomplished this we shall 
have the co-operative movement owned and controlled entirely 
by primary societies and their representatives. 

It will now be apparent that the duties and functions which 
can be entrusted to the Directors of Central Banks must vary at 
the different stages of the movement. The functions of a Central 
Bank, qm Bank, are, in Mr. Ewbank’s words, to say “ yes ” or 
“ no ” to loan applications, and in so far as a Central Bank aj^roxi- 
mates in type to an ordinary joint stock bank, in so far as the first 
consideration is the interest of the shareholders and not the interest 
of the societies, to that extent it is unsafe to allow the Directors 
of the Central Bank any part in the education or general supervision 
of the movement. But when the Central Bank is not merely a 
bank but a co-operative institution, when the interests of the 
Central Bank and its constituent societies are one, it is desirable, 
inde^ it is necessary, that the niemb^ and Directors of the Central 
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Bank should take their proper place in the co-operative sphere, and 
it would be as illogical to exclude such Directors from supervising 
or training the constituent societies, either themselves or through 
the Federation staff placed under their control by the Federation, 
as it would be to expect the members of the panchayat (managing 
council) of the primary society to abstain from supervising or training 
the individual members. 

Accepting the principle that the ideal to be aimed at is a system 
of societies and banks owned by the agriculturists themselves, 
that is to say, owned by the primary societies — and few would deny 
that this is the ideal at which co-operation aims — ^it is difficult to 
see how as the movement progresses it is possible to avoid entrusting 
training, organization and propaganda work to Directors and mem- 
bers of Central Banks. Mr. Ewbank states that in Bombay training 
and supervision are entrusted to guaranteeing Unions and in places 
where there are no Unions to local co-operatom and chairmen of 
first rate societies. In the Central Provinces also training and 
supervision are entrusted to guaranteeing Unions and to represen- 
tatives of primary societies sitting on Circle Union Committees. 
But the difference is that Circle Unions are members of the Central 
Bank, and chairmen of first rate societies and local co-operators 
of any eminence are without exception either members or Directors 
of the Central Bank. In fact as agriculturists accumulate profits 
and become themselves their own capitalists, it is inevitable that 
those individual shareholders in the Central Bank not otherwise 
connected with co-operation and out of sympathy with it should 
be gradually replaced by representatives of the primary societies ; 
as this change occurs it becomes impossible and undesirable to 
disassociate the members of the Central Bank from controlling and 
regulating the primary societies, for those members are merely 
representatives of the societies and their control is not an outside 
control by persons whose interests are conflicting with those of the 
movement but inside control by the properly educated and more 
enli^tened co-operators themselves. 

Now, as regards the control of staff, we have always naade a 
distinction between the banking staff as such which is paid for out 
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of the profits of the Central Banks and engaged in verifying the 
material assets owned by borrowing societies and looking after 
their trustworthiness in the interests of the shareholders, and the 
Federation staff which is paid for not by the Central Banks but by 
the Federation out of its own funds and which in addition to training 
and sometimes organizing societies visits each society at stated 
intervals and Writes up its accounts. I should explain here that 
owing to the backwardness of education in the Central Provinces 
very few out of the several thousand societies comprise members 
sufficiently literate to write their own accounts. The primary 
societies have always been taught to regard the members of this 
travelling Federation staff as their servants and not the agents of 
the Central Banks. It has been impressed on them that the pay 
of this staff is provided by their own contributions to the Federa- 
tion, and the few irregularities which have occurred on the part 
of the staff had been brought to light with surprising rapidity by the 
primary societies. The local control of this staff is entrusted fre- 
quently, though not necessarily, to the Honorary Secretary of the 
Central Bank, and this appears to have given rise to the idea that 
the whole control of primary societies is centred in the bank. But 
it should be remembered that the control of this staff is entrusted 
by the Governor of the I'ederation to the Honorary Secretary of 
the bank as the agent and local representative of the Federation. 
It is not essential that it shoiild be so entrusted, and from time to 
time in some Central Banks members of the Federation staff have 
been placed to work under the chairmen of local Unions and well- 
known sirpanches of primary societies, and in the event of any 
abuse of the kind indicated by Mr. Willoughby in his report it would 
be open to the Governor of the Federation to entrust the supervision 
of the local Federation staff to any other co-operator or several 
other co-operators as agents of the Federation. 

Mr. Ewbank quotes at length the analogy which Mr. Crosth- 
waite draws^ between the units of the co-operative system and the 
units of the Army, and concludes, “ the gospel of centralization 


I “ Co-uperative Studios and.tho Central Provinoos System,” part III, chapter I. 
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could scarcely be preached in a more unequivocal language.” It 
is always dangerous to extract quotations without reference to 
their context, and a very cursory perusal of the chapter referred to 
would convince the reader that the author’s intention was not to 
preach centraliteation but to combat excessive individualism and to 
show that discipline is implied in co-operation whether it be co- 
operation of individuals or of societies. The opening words of the 
chapter read : 

“ The main principle upon which the Central Provinces system 
of co-operation is based is that, apart from the neceasary control by 
Govermnent of a movement deeply affecting public interests, nothing 
must be done for co-operatois (i) which they ought to do for 
themselves, {ii) which they are competent to do for themselves ” ; and 
again later,^ “ Quite a common idea among the educated pioneers 
of the movement is that, though Central Banks can be managed by 
them, the village societies cannot and need not be managed by their 
members. That is to say, self-go veriunent may be very good for a 
Central Bank but is very bad for the societies working under that 
bank. It is difficult to understand the reasoning which permits 
sincere and thinking men to fall into an error of this kind. Unless 
the societies are instructed and patiently trained, they will never 
know what self-help is, and unless they are left to apply what has 
been taught them, they will never know what self-help means. A 
Central Bank which does not train its societies to independence is 
not doing its duty and is working on lines which are not only wrong 
but injurious to the country.” 

Surely it is not centralization but decentralization to the widest 
extent compatible with co-operation which is here preached. But 
co-operation implies discipline and self-sacrifice ; this is clear enough 
in the village society, and it would appear illogical and inconsistent 
to emphasize the importance of discipline and self-sacrifice among 
the individual members of a primary society and to deny their 
necessity when co-operation advances a step further and becomes 
oo-operation between societies instead of between individuals. 


^ Jbid,, pamgraph 25.*). 
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The truth is, the Central Provinces system is not a centralized but 
an unified system. The whole co-operative movement is regarded 
as a single body in which each member performs its proj)er function. 
Issues which can be decided by the primary societies cannot be 
decided by the individual members of such societies ; so also while 
some functions must be entrusted to the Directors and members 
of the Central Bank as representing the societies in a district, other 
functions must be entrusted to the Co-operative Federation as 
representing the whole movement. We recognize that co-operation 
does not begin and end in the village. There must be co-operation 
between societies working upwards from the Circle Unions to the 
Central Bank and Provincial Bank, and when the time comes, the 
All-India Federal Bank, and each part of the co-operative organi- 
zation should perfonn those functions for which it is best fitted. 
One of the illustrations which Mr. Ewbank gives of matters in which 
the liberty of primary societies is unduly fettered is the investment 
of reserve fund and the purchase of shares by primary societies in 
the Central or Provincial Banks. Why, he asks, should the societies 
be compelled either to take shares in the Central Banks or to invest 
the reserve fund outside their own societies ? We should reply 
that the members of primary societies are incapable of investing 
their reserve funds in any other way than in their own working 
capital because they are not sufficiently advanced to appreciate 
the matters at is.sue. it will of course not l)e disputed that an 
agricultural society, even though extremely advanced, could not be 
expected to appreciate the rival merits of the English War Loan and 
the Indian War Loan in the present state of exchange; and any 
investment of this sort as a matter of course would have to be done 
for them. But leaving minor points like this on one side, we would 
maintain that inasmuch as the reserve fund represents in the Central 
Provinces the whole, and in other provinces a very large portion, of 
the profits of primary societies, the whole future of the move- 
ment depends on its proper utilization. If the primary societies, 
that is to say the agricultural classes, are ever to own their own 
Central Banks and their own Provincial Banks, then the investment 
of the reserve fund must at present be left in the hands of the more 
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enlightened people in whom the primary societies by electing them 
as their representatives have displayed their confidence. If an 
All-India Federal Bank is ever to be more than a dream, it is to the 
accumulated reserve fund of primary societies that we must look 
for the capital necessary to establish such a Federal Bank. Further, 
if the agricultural classes are ever to advance, if they are ever to 
learn to manage their own affairs, and by their chosen delegates 
the affairs of Central Banks, Provincial Banks, and the All-India 
Federal Bank if established, it is to the educative influence of 
representative institutions as displayed in the Co-operative Federa- 
tion that we must look for the necessary stimulus to raise them 
from the apathy and indifference in which they are now sunk. 



MANURES IN THEIR RELATION TO SOILS AND 
CROP PRODUCTION IN THE CENTRAL 
PROVINCES.* 

BY 

D. CLOUSTON, M.A., B.Sc., 

Qffg. Director of Agriculture, Central Provinces. 


The four principal soils of the Central Provinces are the 
alluvial soils of the Nerbudda valley which corresponds to the wheat 
tract, the black cotton or trap soil of the cotton tract, and the 
lateritic and metamorphic soils of the rice tract. Without manure 
and irrigation most of the area under these soils has reached the 
stage of maximum impoverishment aiid now yields approximately 
600 lb. of wheat, 300 lb. of kajm (unginued cotton), and 900 lb. 
of paddy per acre, respectively, without irrigation. Given irrigation 
without manure, the crop outturns are increased by approximately 
100 lb. of wheat, 30 lb. of kajm, and 550 lb. of rice per 
acre, respectively. 

If cattle manure were available in sufficient quantities at. 
present prices, there would be little chance of finding any other 
manure which could compete with it. But in the Central Provinces 
much of the cattle-dung is used as fuel, and in most districts, even 
that part of it which in the rainy season cannot be dried as fuel is 
left exposed in an open heap together with the ashes of dung which 
has served its purpose as a fuel. Ordinary village manure made 
in this way contains on an average O’ 46 per cent, of nitrogen, while 
cattle manure properly stored on Government farms in the prov- 
inces contains 0*68 per cent. Nitrogen which is the one constituent 


* A paper wad at the filth ladian Soienoe Congroiie, Lahore, January, 1018. 
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in which our soils are so deficient happens to be the particular one 
which is wasted to the greatest extent by the cultivator, for in the 
process of burning, over 97 per cent, of the nitrogen of cattle-dung 
is dissipated. It has been proved, too, that the rain of tropical 
countries in general does not supply the soil with a greater amount 
of nitrogen than the rain of temperate climates, the average total 
for tropical countries being only 3‘54'' per acre annually. While 
the quality of cattle manure is very poor, the quantity available 
every year is very small, being only about one cartload per acre of 
crop grown. If every field were to be manured at intervals of 
8 years, the quantity of manure available per acre would only b(^ 
about 64 mds., or approximately 8 cartloads. But a Very con- 
siderable part of the total quantity of cattle manure used is, as a 
matter of fact, applied not to the fields in which our staple crops are 
grown but to cane and garden lands. This unequal distribution 
of the supply still further reduces the quantity available for open 
field cultivation. How to meet this deficiency in the supply is one 
of the problems to which the Agricultural Department has been 
giving serious attention for the last 12 years, and a large programme 
of manurial experiments has been carried out on the Government 
experimental farms with the view of finding uxanures which can be 
used to supplement the very inadequate supply of cattle-dung at 
present available. In describing the results obtained I shall confine 
my remarks to the rice and cotton tracts with which 1 am better 
acquainted. 

The application of enough cattle-dmig to supply 10 lb. of nitro- 
gen per acre has added from Rs. 10 to Rs. 15 to the net acreage profit 
on rice cultivation. The same amoxmt of nitrogen applied as 
poudrette has increased the net profit by from Rs. 15 to Rs. 20, while 
the same quantity applied as night-soil has increased it by from 
Rs. 20 to Rs. 30 per acre. The application of calcium cyanamide 
and of bonemeal separately and of bonemeal in combination with 
saltpetre has resulted in a dead loss. Bonemeal combined with 
sulphate of ammonia has generally given a small profit as have also 
dried leaves and tank silt. Castor cake has given a small net profit 
in some series only : in others its application resulted in a loss. 



RELATION OP MANURES TO SOILS AND CROPS IN C. P. 


103 


The only manures which have consistently given large acreage 
profits are cattle manure, night-soil, and poudrette. The supply of 
night-soil and poudrette is so small and the difficulty of getting 
sweepers to apply them so great that they are only of secondary 
importance as an economic factor in crop production. It therefore 
becomes evident that of the nuinures available in any quantity 
cattle-dung is the only one which really counts. The use of green 
manures therefore suggested itself as being the most likely method 
of finding a substitute for cattle -dung. Owing to the peculiar natme 
of our rainfall which extends from the middle of June to the end of 
September, a period which coincides with the period of greatest 
growth of the rice plant, the only crop which is at all suitable as a 
green manure for rice is a fast growing one which, when sown in the 
middle of June, will be ready for application by the end of July 
at which time the seedlings are f)eing transplanted. 8ann-hemp 
{Crotalaria juncea) has been found to be a sufficieiitly fast grower, 
but when grown in the bunded rice plots its growth is checked so 
much by the heavy rainfall of the early monsoon that it is found 
impossible to raise any quantity of it in time for ploughing in for 
the succeeding rice crop. Dhaincha {Heshinia aculeata) thrives much 
better under the same conditions, but is too slow a gi-ower. The 
difficulty in producing a sufficient bulk of mnn has been finally got 
over by growing it in the open fields reserved for rdbi (winter) 
crops. In one acre of rabi land about 300 iiids. of saun per acre can 
be grown in time for ploughing in for rice. This suffices as a green 
manure for 3 acres of rice. The analysis of this green sanu-heinp 
showed that it contains 0'57 per cent, of nitrogen, so that it is about 
equal in manurial value to cattle-dung bulk lor bulk. Over the 
greater part of the rice tract of the Central Provinces, the rabi or 
winter crop area lying fallow during the rains and therefore available 
for the production of sann-hempas a green uxanure for rice, is almost 
equal to the area under rice. It is possible therefore to raise much 
more green manure than is needed for rice and without reducing the 
area under rabi crops such as wheat, gram, linseed, etc. The 
practice will, we believe, be a positive advantage, as far as rabi 
crops are concerned, as the standing crop of sann helps to check the 
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growth of weeds and to reduce to a m inim um the damage which 
would otherwise be done to the fields left fallow during the monsoon. 
The manurial value of the roots of the sann for the rahi crop shoidd 
also he appreciable. Experiments to test it have been started. 
This new method by which fallow land is utilized for the production 
of green manure for rice, is applicable to over 4 million acres of rice 
land in the Central Provinces, and I anticipate that it will largely 
solve the manurial problem as far as the rice tract is concerned. It 
was tried by landowners in over 40 villages last year. The average 
increase obtained from the fields manured in this way amounted to 
over 600 lb. of paddy per acre, worth approximately Rs. 16. The 
cost of raising this green manure was about Rs. 3 per acre manured, 
leaving a net profit of Rs. 12 per acre. 

The use of cake as a cane manure was demonstrated by 
the Department for the first time six years ago. This manure, 
though not previously in use anywhere in the provinces, has now 
caught on, and is being used in larger quantities every year by cane- 
growers. Sann-hemp, applied at the rate of 10 tons per acre to the 
sandy loams in which cane is generally grown in the rice tract, has, 
when supplemented by a dressing of 16 mds. of cake, given yields 
of about 20 tons of cane per acre, which, when converted into gur, 
is worth approximately Rs. 330. The cost of the manure applied 
in this case is only Rs. 33. The average outturn of cane for the 
provinces, maniued with cattle-dung, is only 11 tons, which is worth 
approximately Rs. 184. By this new method of manuring the net 
profit on cane cultivation can be increased by about Rs. 146 
per acre. 

In the cotton tract the value of manure is more highly appre- 
ciated than in other parts of the provinces. Cotton pays better 
than rice or wheat, and cultivators have come to realize the economic 
value of cattle manure. The price per cartload is R. 1 as against 
8 annas for the greater part of the rice tract. But in the cotton 
tract, too, much valuable manure is wasted. No attempt is made 
to conserve the urine which is so rich in nitrogen. To meet this 
formidable obstacle to good cultivation, the dry-earth system of 
conserving urine has been demonstrated in this tract. Experiments 
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carried out with urine earth on the Government farms have shown 
that, in the year of application to jowar (A. Sorghum) and cotton 
fields, the urine of a bullock for any definite period of time, is equal 
in manurial value to its solid excreta for the same time. By this 
system of conserving the urine, dry earth to a depth of 6" is spread 
in the stalls. This earth is removed to the manure pit once a month, 
and fresh earth is put into its place which, in turn, absorbs the 
liquid portion of the animal’s excreta for the succeeding month. 
By adopting this system of conserving cattle urine the intrinsic! 
value of the manurial supply of a village can be doubled at a very 
small cost. 

Cotton cultivation on well manured land is so profitable 
at the prices which have prevailed of recent years that it would pay 
the cultivator to manure his cotton, even if cattle manure were three 
times as expensive as it is at present. The supply, however, is so 
very inadequate that there is none available for sale in the villages. 
Green-manuring is not a feasible proposition in this tract as it would 
have to be grown at the expense of cotton and jowar , for the manur- 
ing of rahi crops of which the area is comparatively small. To meet 
the full requirements of the cotton tract, therefore, it will be neces- 
sary to fall back on manures not at present in use, and this we hope to 
bo able to do by the use of nitrate of soda on a large scale, and by the 
utilization of such quantities of manurial cakes as are manufactured 
locally. If it were possible to offer nitrate of soda for sale at about 
Rs. 10 per cwt., the demand for it would, I believe, be large. On 
the strength of the results obtained from the trials of nitrate of 
soda on the Akola farm, the Commissioner of Berar put up a proposal 
this year to the effect that about a lakh of rupees worth of this 
artificial should be offered for sale to cotton-growers in his division 
which constitutes the greater portion of the cotton tract. The 
price, however, had risen so enormously owing to the war that it 
was considered inadvisable to make large purchases at the present 
time. There is little doubt but that it would pay handsomely to 
Apply nitrate costing Rs. 10 per cwt. as a topdressing to cotton 
at the rate of 60 lb. per acre. This quick-acting manure is 
specially suitable for short-season cottons. 
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In conclusion, I should like to Jay stress on the fact that 
though in the Central Provinces and in other parts of India much 
has already been done by the Department of Agriculture to solve 
the problem of economic manuring, a poor cultivator will not be in 
a position to reap the full benefit from the results of these researches, 
until we make it easy for him to obtain these manures. We require, 
in short, an efficient organization which will provide both for the 
supply of manures and for the financing of purchasers who wish 
to buy them. This may possibly be done later on a large scale 
through co-operative societies. To pave the way for co-operative 
societies it may l)e necessary to finance the cultivator direct to 
start with. It should be quite feasible for Government to provide 
a definite sum to be given each year as tahavi for the extension of 
agricultural improvements reconmiended by the Department of 
Agriculture. This has, as a matter of fact, been done in the Central 
Provinces, and it is a policy which is well worth the consideration of 
any provinces which may not yet have adopted it. 



NOTES ON THE HYDROCYANIC ACID CONTENT 
OF JOWAR {ANDROPOGON SORGHUM). 


BY 

MANMATHANATH GHOSH, M.A., 

Assistant Professor of Chemistry and Physics, Sabour Agricultural College. 

It has long been known that a cyanogenetie ghicoside, called 
dhurrin, is present in jowar in certain stages of its growth. This 
glucoside is not poisonous by itself, but it breaks up, iji contact 
with an enzyme which is present in the plant tissues, into several 
compounds, one of which is hydrocyanic acid. It is on account 
of the formation of this latter substance that jowar acts as a poison, 
and cases of poisoning of cattle by the plant are not of infrequent 
occurrence. In 1915 a number of cattle deaths took place near 
Sabour. That year there was a particularly long period of dry 
weather immediately after the crops were planted, a condition which 
does not happen every year. It was then suggested that, owing 
to the insufficiency of moisture in the soil, the plants were stunted 
and did not grow properly, and that, in consequence, there was an 
excessive development of the cyanogenetie glucoside which yielded 
the poison. It was then proposed to investigate the circumstances 
which help the accumulation of the poison-producing compound 
in the jotmr plants. 

Accordingly, at the suggestion of Mr. Somers Taylor, Agricul- 
tural Chemist to the Government of Bihar and Orissa, a trial was 
made to find out the effects of different times of planting, and also 
of water-logging, on the formation of the glucoside in jowar. The 
idea was to sow some of the plots very early, well in advance of the 
usual time, so as to obtain, as far as possible, a condition similar to 
that of 1916, viz., a period of comparatively dry weather in the 
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growing period, and also to sow some of the plots very late, after 
the rains have well set in, so as to have always an excessive quantity 
of moisture in the soil. Unfortunately the rains were late in coming, 
so late as to make very early planting impossible, and there was no 
abatement of rains once they had set in, so that the first condition 
of comparative drought was not obtained. On the other hand, 
owing to heavy and frequent rain, all the plots were water-logged, 
and the plants, weak and stunted, even after six weeks, showed no 
tendency to grow up at all. A very small quantity of hydrocyanic 
acid was all that was obtained — ^a fact which suggests that water- 
logging is unfavomable to the formation of cyanogenetic compounds 
in jo'war. There was no case of cattle-poisoning* that year by 
jowar. The following table illustrates the result : — 

Table I. 

Plot No. 1 B. p. 


Age of plants 

Date of analysis 

HON% 

Over 4 weeks 

6th July 1916 

0rf009l2 

5 M 

9tb „ 

(I‘(l00456 

Over 5 „ 

12th .. 

0000600 

Over 6 „ 

18th „ „ 

Traces 


Plot No. II E. P. 


4 weeks 

6th July 

00;)0608 

About 5 „ 

9th ,, 

0*000512 

Over 6 „ 

12th „ 

0*000466 

Over 6 „ 

18th „ 

Traces 


The experiment was repeated in 1917. The first of the plots 
were sown on 12th May. Before that there were only two inches 
of rain distributed over six days, and there was no rain after until the 
27th May. But just on the night previous to the day when the first 
samples were collected, there was a shower inch) of rain, so that 
the actual condition of the plants during the period of drought W'as 
not exactly known. An excessive quantity of prussic acid was 
found, which, however, fell down to less than half in about three 
weeks, during which period there were occasional showers. 

♦ A few cattle deaths reported from Bjttiah were 8U8|x*ctcd to bo due to the cattle 
eating a weed, Afidropogon helepensis, which is also, like jotmr, capable of yielding HCN. Bttt 
at the time the weeds were oolleoted and roceived at Sabour for examination, no HCN was 
obtained from them. 
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The results were not oven on all the plots. 

Table II. 


Date of analysis 

Plot I R. P. 

Plot II E. P. 

Plot III E. P. 


hom% 

HCN% 

HCN% 

28th May 


0196^ 

♦ 

5th J uue 

e 

0 099* 

♦ 

8th M 

0121 

0 092 

0124 

12th 

0*060 

0*045 

0 057 

19th „ .. 1 

0*075 

0*025 

0021 

26th 

0 041 

0*004 

0*013 

3rd July 

0*032 

0*009 

0*0(18 

XOth „ 

0*019 

0*003 

0*009 

17th „ 

0*024 


...... 

Slst M 

0*012 



13th August 

Traces 





The poisonous properties most persisted in the plot E. P, I. 
This plot was, however, marked by a more vigororus growth, as is 
evident from the greater average weight of the plants, and also by the 
greener and more healthy appearance of the leaves (Table III). 

Table III. 


Average weight and Jieight of a plant. 



Plot I E. P. 

Plot 11 B. P. 

Plot HI E. P. 

Date 

Weight 

Height 

Weight 

Height 

i 

Weight 

Height 

3rd July 

10th H 

17th „ 

122 gms. 

m .. 

367 

150 cm, 

200 „ 

250 „ 

lOS gina. 
293 .. 

170 cm, 

200 „ 

112 gms. 

245 

267 

180 cm. 

200 

200 


Here is a result which is c.ontrary to all expectations, for it has 
long been believed that a healthy and vigorously growing jowar 
plant yields much less poison than its weak and stunted brother. 
This result received a remarkable confirmation from the observations 
of some later plants. In the case of thickly sown plants, what always 
happens is that a good many receive a much later start and lag 
behind, in the matter of growth, their stronger and older brothers. 
This may be due to malnutrition or to the secretion of injurious 
products by the older plants, but that strong and healthy plants 
contain more prussic acid can be seen from the following table : — 

* As tho plants wste then very small, the samples collected from the three plots were 
analysed together. 
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Table IV. 

Plot IV (Usual time). 

Date of analysis Average weight | Average height HCN% 

16th July, 1917 ... | gj ‘'I"*- 

23rd July, 1917 ... ( 

80th July, 1917 ... | j|f ” 

! Plot 

16th July, 1917 ... ' { j], 

23rd July, 1917 ... { 1?7 

30th July. 1917 ... ” 

6th Auf-iist, 1917 .. { ,47 » 

The time of planting does not appear to have any effect on tlie 
formation of dhurrin. With the three sets of plots sown at different 
times, and nearly at a month’s interval between one and the next, 
there was no difference between the first and the .second set, both as 
regards the maximum yield of the poison or its rate of diminution 
as the plants grew up, but the third only showed half the maximum 
quantity of the poison, though the rate of diminution of the poison 
was very much the same. The low maximum of the third .set which 
was planted last at a time (8th July) when there was an excessive 
amount of moisture* in the fields, and when there were heavy 
downpours of rain previously and subsequently to the sowing, may 
be due to an abundance of soil moisture. 

The following table is given for comparison 

Table V. 

PIOT III L. P. I Plot II K. P. 

HON % 


0 196(1 
011990 
00920 
0i'450 
(I U2{i0 
0 0042 
0(i09;l 
'<1i0.HI 
Trace* 

* See Table of Rainfall (Table VII) 


Date of sow- 

Date of 

HON % 

Date of 

Date of 

tn« 

analysis 

sowing 

analysis 

8.7-17 

25-7-17 

0*0462 

12-5-17 

23-5-17 

18-17 

0-0381 


56-17 


d-8-n 

0-0270 


8 6-17 

Planted very 

15-8-17 

0-0285 

Planted 

12-6- 17 

late. 

21-8-17 

0*0173 

very 

19-6 17 

29-817 

0*0148 

early. 

28 6-17 

'fi, 

59-17 

0*00.50 


3-7 17 
107-17 
17-7-17 


I'LO 

T IV U. P 

• 

Date of 
sowing 

Date of 
analysis 

HCN% 

7-6-17 

•25-6-17 

((■(.gin 


•2-7 17 

n-0904 


9-7-17 

OIBll 

Pin nted 

16-7-17 

01)979 

nt the 

23-7 17 

o-oies 

UNiml 

30 7*17 

0-9091 

time. 

6 817 
14-8-17 

011076 

Traoee 
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It is therefore obvious that while the time of planting by itself 
has little or no connection with the formation of the glucoside, yet a 
crop planted late has a much better chance of producing smaller 
quantities of the poison on account of the abundant moisture which 
is generally found in the soil in such a time. 

Dhurrin occurs principally in the leaves and young shoots. 
There is a very much smaller quantity of it in the stalk, from the time 
the plant grows to an appreciable height, viz., about 100 cm. The 
percentage of total nitrogen in the leaves is also proportionally 
greater than in the stalks, evidently owing to an accumulation of 
non-protein nitrogenous matter (Table VI). In ratooned jowar, 
when young shoots spring up from old stalk, the jowar is considered 
to be highly poisonous, although the parent stock at the time might 
contain practically no glucoside. This occurrence of the glucoside, 
especially in the places of active metabolism, is suggestive of some 
compounds being formed and fixed by the plant in such forms. 

The exact part played by it in plant economy can only be 
known when the factors influencing its formation are known with 
certainty. The cyanogen may be an intermediate product in proteid 
formation, or it may act as a harmone, which is the general name of a 
variety of substances which are able to penetrate the walls of plant 
cells, thereby disturbing the equilibrium w'ithin the cell and producing 
changes which involve alterations of the concentration and the 
liberation of hydrolytic enzymes. If the former view be correct, 
it would signify that strong and healthy plants, which form more 
proteids than weaklings, would gather more glucoside at a time 
when proteid formation is very active . It is very suggestive that the 
total nitrogen percentage in a plant show's more or less a steady 
diminution as the plants grow up, but not at such a rapid rate as 
the hydrocyanic acid. No reliable evidence has been obtained 
that weak and sickly plants can produce, as a rule, more hydrocyanic 
acid ; in &iot, evidence, as far as has been obtained, points to the 
contrary. Let us examine the factors which have so far come to 
our knowledge as likely to bear on the production or otherwise of 
the glucoside. In the first place, an abundance of moisture in the 
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soil is always associated with a low percentage of dhurrin, and sickly 
plants growing in water-logged soils contain only a minute quantity. 
The contrary is also probably true, in spite of scanty experimental 
evidence, viz., a deficiency of moisture in the soil or a dry period 
is conducive to excessive glucoside production in jowar. There is 
no doubt that the experience of the general body of cultivators is 
in favour of this view, and here and there facts have been brought 
out suggestive of it, but apart from that, no further experiments 
appear to have been carried out which would fully bear out 
the cultivators’ views. Secondly, pxe rate of growth has long 
been thought to have some correlation to the poison-producing 
power in the plant, the most poisonous plants being those 
which make a very unfavourable growth. It has been shown 
that this is not necessarily true, and that in the case of strong 
and weak plants growing side by side in the same field, it is 
not the weak plants alone which always yield the greater amount 
of hydrocyanic acid. Thirdly, there is a far greater amount of 
nitrogen accumulation in the leaves than in the stalks. The 
appearance of this greater quantity of nitrogenous substances 
exactly in the parts where the gi-eatest quantity of hydrocyanic 
acid occurs, is an indication that the production of the glucoside is 
in some way correlated with the production of the nitrogenous 
matter, and lends support to the theory that prussic acid is an inter- 
mediate product in proteid formation, and that its occurrence is an 
evidence of nitrogen assimilation. Water -logging presents a very 
unfavourable condition for nitrogen assimilation, as it prevents 
bacterial activity and stops nitrification. This accounts for the 
production of njierely traces of hydrocyanic acid in the crops of 1916. 
In warm dry weather, before the rains have actually fully set in 
(according to Leather’s drain-gauge experiments at Pusa^), the seat 
of nitrification is much nearer the surface and therefore presents 
a more favourable condition for nitrogen assimilation by the young 
plants whose roots at the time do not penetrate deep enough. With 
the coining in of the rains the principal'seat of bacterial activity 


^ Memoirs of the Department of Agriculture in India, Chemical Series, vol. 11» no. 2« 
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moves downwards, and there is a likely loss of soluble nitrates by 
overfloodbg and drainage, and partly on this account and partly 
on account of the very rapid rate of growth, when the glucoside 
formed is rapidly utilized to furnish higher and more complex 
compounds, there is less and less hydrocyanic acid obtained as the 
plant grows up until it is fully grown. Thus the acjcumulation 
of the acid in the young plant in normal years and its diminution 
with the age and growth of the plants receive an explanation. But 
in years of scanty rainfall, as the vital activities of the plant are 
retarded on account of lack of moisture, the utilization of the 
cyanogenetic compounds will probably take place much more slowly, 
and the plant will indieate a quantity of the poison which it cannot 
at once get rid of. These are, however, still suggestions and have 
to be substantiated in the light of further experiments. 

It would therefore appear that the weather is mainly respon- 
sible for the development of the poisonous elements in the jotvar. 
The soil is only of minor importance and is accountable only so far 
as it can hold up nitrogenous food materials to the plant. Brunich 
in Queensland found that the poisonous properties of jowar increased 
with improved fertility, and Treub^ stated that nitrates exert a 
direct influence on the production of hydrocyanic acid. Against 
this there are American results* that in a rich soil, however well 
provided with plant food, an addition of nitrogenous fertilizers 
has been found to exert no appreciable effect, while in a poor soil 
there appears to be an increase, though to a slight extent. The 
soil, therefore, though it may help in the production of the glucoside, 
is only a minor foctor, and the weather, notably rainfall, is the 
factor of greater importance. 

It is proposed to continue the study still further. 


^Treub, M, Ann. Jard. Bot. BuUenzorg, 2, scr. 4, pt. 2, pp. 86-142 (notiMl in Expt. 
Station Record, vol XVII, p. 347). 

* Jo^rnal of Agricultural Research, vol. IV, no. 2. 



114 


AGRIOULTURAL JOURNAL OP INDIA 


[XIV, 1, 


Table VI. 

Showing the •percentages of hydroc'yanic acid and of n'Urogen in 
different parts of jowar plants at di^erent stages of growth. 


Plot No. 

Date 

HCN% 

N% : 

1 

HON% 
in leaves 

1 in leaves 

1 HCN% 
in stalk 

N% 

in .talk 

B. P. I 

86-17 

0‘12100 

0*5060 






126-17 

0*06000 

0*6260 






26 6 17 



0*0128 

0*500 

0-00760 

0*201 


3*7-17 

0*03240 

0-5130 

0*0565 

0-677 

0*01660 

0*404 


10-7-17 

0'01870 

0*4580 

0*0452 

0*754 

0*00603 

0 816 

B. p. n 

8-6-17 

0*09200 

o-ioso 






12.617 

0*04500 

0-4620 






19-617 

0*02500 

0-37.30 

0*0230 

0*495 

001600 

0*161 


26-6-17 

0*00420 

0-3880 

0-0076 

0-647 

0*00380 

0*297 


3-7-17 

0*00930 

0-3680 

0*0143 

0-630 

0*00600 

0 352 

B. P. HI 

8-6-17 

0*12400 

0-4200 






12-6.17 

0 06700 

0-4760 






19-6-17 

0'02100 

0-8260 

0*0300 

0*496 

0051C0 

0*215 


26-7-17 

o-oiaso 

0-4460 

0*0136 

0*547 

0*01130 

0-351 


3-7-17 





0*00750 

0*291 

U. P. I 

25-6.17 

0*09100 

0*4660 






2-6-17 

0*09040 

0*6040 






97-17 

0*02110 

0*4820 






16-7-17 

0*00792 

0*6640 





Stunted plant) ... 

23-7-17 

0 (10905 

0*3504 





(Strong plant) ... 

2.37-17 

0*01530 


0*0317 

0*299 

0*00603 

0*082 

(Stunted plant) ... 

.30-7-17 

0*00754 

0*2030 





Do. 

68-17 

0*00151 

0*2940 





V. P. V 

25-6-17 

0*82900 

0*4800 



' 



27-17 

0*82600 

0*6100 






9-7-17 

0*21600 

j 

0-5060 






167-17 

0*00758 

0-4670 






28-7-17 

\ 

0*00650 


0*0098 

0*208 

0*00452 

0*068 


W-7-I7 

0*01280 

0-2080 





(StunUd) ...| 

6-8-17 

0*00452 

0-3740 



1 
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Table VII. 

TaUeof rainfall in inches, May to August 1917 , recorded in 
the Sahour AgricuUural Statim. 


Day of the 
month 

May 

June 

July 

August 

1 


195 

0*07 

2 47 

2 




3*33 

3 



0*70 

0*45 

4 

0*43 

1 

3-46 

0*20 

5 

0*03 




A 

0*85 




7 

0*05 




8 



007 

6*12 

0 

0*03 

0*40 


0*45 

10 




048 

11 

0*72 


0*31 

1*63 

12 




1*00 

13 



1*40 

0*04 

14 



046 


0-14 

15 


068 


0-04 

16 






17 

18 


6*i7 

016 

1*96 

19 



0*15 


20 




.. •• 

21 


0*32 


0*04 

22 


016 



23 1 


0*61 



...... 

24 

• . * 


1’57 1 


25 


6*50 

0 28 

6*27 

26 

... 



0*30 


27 

0*69 


1*48 

634 

28 

0*33 


0'50 


29 





30 

0*63 1 

0*55 



31 







GRAFTING THE GRAPE-VINE. 


BY 

H. V. GOLE, 

Grajie-grower, Nasik, 


We have great pleasure in publishing this article by an actual 
cultivator who has made experiments on his own account, 
and hope it would be of special interest to the readeis of the 
Journal. It is needless to add that contributions from intelli- 
gent, practical cultivators, embodying the results of their 
experience, observations and experiments, will always be 
welcome to us. — [Editor.] 


Among other advantages of grafting the grape-vine, it is claimed 
that the effect of grafting is to ]:)roduce a constant weakening 
of the scion with increased fructification, a greater number of 
closely set bunches with large ben-ies, morci iuicy and frequently 
richer in saccharine matter, and an early ripening.^ Husmann also 
believes that grafting increases fruitfidness, the temporary obstruc- 
tion seeming to have the effect upon the graft of making it produce 
more and fimer fruit than on its own roots.* He has also recorded 
similar experience of other eminent growers. 

The matter seemed worthy of investigation and led me to 
undertake a few experiments as already remarked in Bulletin 
No. 71 (of 1916) of the Bombay Agricultural Department. The 
prinrapil varieties of grapes grown at Nasik are only four. Bhokari, 


^ Viala and BivaE. ** Grafting for Amorioan Vinos.** 
^ Husmann. Grape*growing and Wino-maldng.** 

(-1W ) 
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being a good cropper, is much in favour and largely grown, while 
h akari, Sahibi, and Hafsi or Kali, being very shy bearers, are never 
grown beyond a few vines in a plantation, though these varieth^s 
are decidedly superior. If grafting produced increased fruit- 
fulness the problem here was to ascertain whetlier some of our shy 
be^rs could be made to yield more and better fruit by grafting 
them on other stock. 

I had no clear notions about the influence of the stock up)n 
the scion. I vaguely imagined that Bhokari, being very prolific, 
might exert a favourable influence upon the scion. Also, as Fakari, 
Sahibi, and Kali are very vigorous growers, producing abundant 
foliage — perhaps at the expense of fruit— I should be able to check 
this habit of vigorous growth by selecting a stock which \vas a 
moderate grower by habit, such as Bhokari. On these considera- 
tions I decided to use Bhokari as stock. 

The next point was to select the metliod of graftijig. Various 
methods of grafting and budding have been suggested. As I liad 
very little experience in grafting, I chose to o]>erate in four different 
manners, namely 

(1) Grafted cuttings, 

(2) Grafting by approach, 

(3) Crown grafting, and 

(4) Side-cleft grafting. 

Grafted cuttings. 

For successful grafting it has been found that the temperature 
should not exceed 20° or 26°C. As cuttings could only be obtained 
in the beginning of October, I tried grafted cuttings at this time, 
though the temperature condition wns not favourable. A1 the 
trials failed successively for three years (1914 to 1910). In pre- 
paring the graft the cut has to be made one-half to one inch above 
and below a node upon the stock and scion respectively. This 
left the knitting surface much too small. The grafted cuttings 
should have been kept for callusing in fresh moist sand before they 
were set to root. I admit that I had not followed this instruction. 



il8 A^RtOtTL^tlkAt iOtrtll^At oj ttrotA [^V, 1. 

Be it from whatsoever cause, none of the grafted cuttings rooted, 
and I gave up the trials after three years. 

Grafting by approach. 

In 1913 a mali from the Ganeshkhind Botanical Gardens, 
Kirkee, grafted on two Bhokari vines in one of my plantations, 
operating by the usual method of grafting by approach (tongue 
graft). Both the grafts knitted well and were successful. Fakari 
canes were used for scions. Both grafts were pruned in April, 1914, 
to form the head. One of the grafts was accidentally destroyed 
while ploughing. 1’he other graft was again pruned for fruit in 
October, 1914. The stock of this graft is 40" long and the scion 
after heading in was 24" long. It gave six bunches of good size, 
while there were only four small bunches on the parent vine, that is, 
from which the scion was taken. The result was tolerably fair and 
encouraging. This graft is bearing splendidly every year. 

I have found that grafting by approach is a much surer method 
^the grafts knit well and the chances of failure are few. I have 
other grafts prepared by the approach method. One is bearing 
fruit beautifully. The length of the stock is 24" and that of the 
scion after heading in is 40". Three other grafts had to be trans- 
planted elsewhere in April, 1917, as they happened to be in an 
isolated condition, but they have not as yet recovered from the 
shock. 

But there is one disadvantage with this method. As the 
number of vines for the scion is only limited in a given plantation, 
only a few vines can be grafted by this method. I thought of 
trying a method which shall be quite independent of the position 
of scion vines, which is described below. 

Crown grafting and side-cleft grafting. 

In October, 1914, I tried 10 crown grafts and 10 side-cleft grafts. 
Four crown grafts were put up below the ground and the rest above 
the groti^. Only one graft above ground knitted well and was 
successful. Again, in the following year, out of nine croFm grafts 
and nine side-cleft grafts, only one crown graft above gtonnd was 
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Grafted graj>e-vine — Fakari on Bhokari. The cross indicates the union. 
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succeA^ol. The trials in 1916 ]and 1917 failed to give even a single 
successful graft. From this it appears that crown and side-cleft 
grafting are much more difficult and cannot be practised as a general 
method. 

So far my object had not been attained. I wanted to find 
out a method of grafting by which the variety of any existing 
plantation can be changed at will. A new plantation can be put 
up by growing together and training mixed cuttings of different 
Varieties, and when the heads are formed, the choice variety may be 
grafted upon another stock by the approach method. I have 
obtained a few grafts in this manner. But it takes up much time 
to train the vines before they can be grafted upon and, therefore, 
foreign Varieties cannot be propagated rapidly by this method, nor 
can their possibilities judged within a short time. Crown and 
side-cleft grafting have a greater significance in the case of un- 
tried and foreign varieties ; for, by these methods, these varieties 
can be introduced rapidly and their possibilities judged. 

Results. 

As a general rule, Fakari vines on their own roots bear quite 
indifferently. They will not bear fruit at all or bear a few bunches 
which are quite out of proportion to the large bearing surface on 
the head of the vines. All the grafts are bearing fruit regularly 
from the very second year. The quantity of fruit will depend on 
the bearing surface. As the age of the grafts advanced, the heads 
were well formed and the bearii^ surface had increased. There 
was a corresponding increase in the number of bunches and the 
weight of the fruit. lam writing this from my observations. I 
have not kept regular records. Last year the weight of fruit on 
the graft (approach graft of 1913) must have been 15 lb. ; the other 
approach grafts yielded nearly seven pounds of fruit ; the two crown 
grafts bore quite to, my e^)ectation. This year the approach grafts 
of 1913 had 42 bunches, which weighed 22 lb. (Birds are responsible 
for considerable loss of weight ; only the actual weight is given.) 
The other approach grafts had 19 bunches which weighed 14 lb. 
The photograph of one of these two grafts (Plate 1) will give a 
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good idea of the number and size of bunches. The number of 
bunches on the crown graft of 1914 was 17 and weighed 7^ lb., 
while the other crown graft of 1916 gave 13 bunches which weighed 
6 lb. The bunches on both the grafts were mildewed, which 
circumstance has adversely influenced the weight. Many of the 
bunches were of large size. The berries attained normal size. On 
the other hand the berries on some bunches were undersized. Near 
each crown graft (close to it) is a companion or sister Bhokari 
vine which is also in bearing. The grafts are not photographed as 
it was difficult to isolate their bearing canes from Bhokari for the 
purpose of photographing. In one of my plantations there are 
150 Fakari vines on their own roots. They bear fruit indifferently 
and are not even paying the cost of their cultivation. This is the 
first time in five years that they have borne fruit to an appreciable 
extent. The total weight of fruit on these 150 Fakari vines was 
296 lb., or a little less than 2 lb. per vine. The average yield from 
Bhokari vines is 12 lb. to 15 lb. Individual Bhokari vines do bear 
20 lb. to 25 lb. of fruit. From these figures it will be seen that the 
grafts gave considerably increased quantity of fruit, far in excess of 
the average of 2 lb. on the 150 Fakari vines on their own roots. 

Conclusion. 

It appears that grafting the grape-vine increases fruitfulness. 
The grafts give larger and closely set bunches. In some bunches 
the berries attained normal size, while in others they are undersized. 
The quality of the fruit is not changed appreciably. From the 
behaviour of four grafts, it is not safe to assert, as a general pro- 
position, that grafting produces fruitfulness. The indications are, 
however, that it does produce increased fruitfulness. More experi- 
mental work is necessary. Experiments generally do not pay and 
are even costly. In other experiments with the grape-vines— 
such as summer pruning or pinching and spraying with ammonia 
copper carbonate solution against mildew— I have gained ; while in 
trying the crown grafts I^ have lost 40 well-established vines and 
per ma nently injured 40 vines by side-deft grafting. Besides, such 
experiments in experienced and capable hands are likely to be 
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more successful. If the record of my experiments be deemed inter- 
esting I hope others will undertake further experimental work. 

Next cold weather, I shall grow and train 60 sets of mixed 
cuttings. Every set will consist of 4 cuttings, two of Bhokari and 
two of choice variety. Bhokari will be used for stock. For the 
scion, cuttings of Fakari, Sahibi, Kali, and Kandahari will be grown. 

When the vines are established and heads are formed I propose 
to graft the choice varieties by the approach method. 



SOMK OBSERVATIONS ON AGRICUliTURAE WORK 
IN EGYPT, AMERICA, ANJ? J=AP4:N,. 
III.-JAPAN. 

BY 

W. ROBERTS, B.Sc., 

Professor of AnrirnUHre, Agrietdtuml College, Lyalljtur, Punjab. 


(('ow'liiilwl from pagr 280, vol. XlII, j>t. II.) 


I SPENT twenty-four days in Japan and confined my enquiries 
to the subjects of — 

(a) agricultural education; and 

(h) introduction of agricultural improvements. 

Agricultural education. 

A great deal seemed to be going on in agricultural education, 
especially in technical and elementary schools. Agricultural edu- 
cation is in charge of the Department of Education in Japan. 

Imperial University of Tokio. This has six Colleges or Faculties, 
viz., LaM% Medicine, Science, Engineering, Literature, and Agriculture ; 
the latter has 33 professorial chairs and over 700 students in all. 
Thera are also 27 post-graduate students. 

The university is well equipped and has attached to it an experi- 
mental farm together with a students' farm and a demonstration 
farm which seem to be Very well managed. The average age of 
pupils entering universities in Japan is high, vk., 23J years. This 
is due to the long series of schools through which a pupil must pass 
before he can be admitted to the university. The course at Tokio 
lasts three years. The number of regular students is 462 with 
286 pupils in addition undergoing special courses. A similar 

( 122 ) 
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A^cultural Faculty is attached to the Hokkaido University, but 
on a smaller scale. The undergraduate instruction is briefly as 
follows : — 

Technical institutes. These are the lowest grade and take 
pupils who have finished the compulsory elementary education of 
six years. The number of pupils in these in 1908 vras 163,300. The 
number of these schools now is over 5,000. In this connection 
I may note, some kind of technical subject is compulsory in the 
higher elementary schools. TJiree subjects are given, viz., agriculture, 
manual training, and commerce, of which one or more is compulsory. 
The following table taken from the Outlines of Agriculture iji 
Japan,” published by the Agiiciiltural Bureau, indicates the system 
concisely : - 


Edumtioual orf/aii.s of agriculture. 


Jurisdiction 


High educational ohoans 


University 


Higher Technical 
School 


Ordinary organs 


A Class 


B Class 


T 


Organs for.. 
I agricultural 
i training 


Department of 
Education 


Agricultural 
College of 
University 


Practical course of 
I Agricultural CoL ' 
I lege of University; 
Higher Agricul- 
ture and Forestry 
School 

Higher Sericul- 
tural School 
Higher Horticul- 
I tural School 
Training Institute 
I of Agricultural i 
i Instructors 


Agricultural 

School 

Stock fanning 
School 

Horticultural 

School 

Bericultuial 

School 


Agricultural Agricultural 
School j supplemen- 
Sericultural , tary School 
School ; 


Higher agricultural technical school. These take graduates of 
the middle school or those equally qualified. The higher technical 
schools give a three-year courae and turn out men qualified to teach 
in the middle schools and primary schools. In this class we may 
reckon the practical courses given at the Universities of Tokio and 
Hokkaido. 

Agricultural schools. For these, pupils who have gone through 
the six years’ compulsory primary course and have subsequently 
done two years’ study in higher primary schools are admitted. The 
course in these schools extends over three or four years. Each 
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prefecture has one agricultural school of Class A, while many counties 
and towns have Class B agricultural school. I visited twelve of the 
various types of agricultural schools. The education is very general in 
all of them with agriculture occupying from two to six hours a week 
according to the class of school. The agricultural training is practical 
in all , the middle and higher schools. I give below the time-table 
of the Shizuoka Agricultural School, course three years : — 


First year 


Second year 


Third year 


Moraln 

Hours 

1 

Algebra 

Hours 

2 

Morals 

Hours 

1 

English 

2 

Zoology 

1 

Algebra 

1 

Algebra 

2 

Lf. Language 

1 

Economics 

2 

Botany 

*> 

Chemistry 

2 

Chemistry 

1 

Japan L. 

o 

Physics 

1 

Pathology 

1 

Veg. culture 

i< 

Morals 

1 

Gymnastics 

1 

Chemistry 

2 

Veg. culture 

1 

Sericulture 

2 

Chinese classics 

1 

Special veg. culture . 

2 

Drawing 

J 

History of Japan ... 

1 

Chinese classics 

1 

F. Language 

C. feeding 

2 

Sericulture 

2 

Manure 

1 

2 

Zoology 

2 

English 

2 

Vog. culture 

1 

Mathematics 

2 

Sericulture 

1 

Forestry 

2 

Drawing 

1 

Drawing 

1 

Japan Lan. 

3 

Gymnastics 

2 

Insects 

1 

Surveying 

1 

Physics 

1 

Germs 

2 

Fruits 

1 

Entomology 

1 

Plant disease 

1 

Physics 

1 

Geology 

1 

Cattle feeding 

2 

Manure 

1 

Geography 

1 

Geography 

1 

Chemistology 

1 

Writing 

1 

Botany 

1 

Geometry 

2 


— 

Soils 

1 

Agri. law 

1 


30 

Forestry 

1 

Technical agri. 

1 



History 

Gymnastics 

1 

2 

30 

Marketing of agricul- 
tural products 

1 

30 


The course here is typical of most of the middle and higher 
grade agricultural schools. The subsequent career of graduates 
is given below : — 


Shizuoka Agricultural School. 


Graduates 


688 


At home 

Government office ... 

Various schools 
Agricultural Society 

Under counting or prefecture experimental station 
To banks and other commercial houses .. 

To higbir agricultural school 
Mttftanrservice ... 

Inforeign countries 
Scad 


316 

63 

76 

19 

21 

10 

19 

34 

14 

16 


One of the best agricultural sdiools 1 saw was at Kyoto.. 
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To bring out clearly the relation of agricultural education to 
general education I give below the ordinary school courses in 
Japan : — 


Oentral iducation* 

(1) Six years* compulsory elementary education 

(2) Two years’ optional elementary education 

(3) Middle school course, 6 years 

(4) Hi|{faor and technical schools, 3 years 

(5) University 


Agricultural education, 

None. 

Candidates who take this, have choice of 
3 subjects, v1z,t commerce, manual train- 
ing or agriculture, one of which must be 
taken. 

Agricultural schools of Class B and Class A. 
These are of 3 or 4 years' duration and 
do not lead to University. 

About 12 agricultural schools of this class 
exist. Similar technical courses exist in 
the University. 

Agricultural College. 


It will be noticed from above that the elementary agricultural 
education tends to draw men from the regular road to the university. 
Thus the middle school course in agriculture is for boys of 14 or 
15 to 18 years old and the bulk of them naturally go to their homes 
afterwards and do not look for appointments. 

The inclusion of agriculture with three optional subjects in the 
two years' (optional) elementary education is also significant. 

From the list of graduates of the Shizuoka School given above 
it will be seen that by far the greater number return to their homes. 
This was a school I would class as “ Class A Middle School ” and was 
a Prefecture School. 

As to graduates of the higher technical schools, a great number 

of them go to appointments as teachers 
in lower schools and the education is so 
general that they are fit for any post in 
the lower schools. 

I give here a diagram taken from the 
report of the Department of Education 
for 1914 as to careers of graduates of 
Tokio, Kyoto, Tohoku and Kyushu 
Imperial Universities (also including 
graduates of the old Sapporo Agricultiire School). 

The course to get through the university is so prolonged that 
comparatively few can afford to go through it. A great deal of 
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agitation was going on with a view to reducing the number of years 
in the full course (19 at present). 

The number of students taking university courses in agricul- 
ture (400 regular and over 300 special courses at Tokio) does not 
seem high for a population of 70 millions and for a country with 
arge imdeveloped tracts in Hokkaido, Formosa, Chosen, etc. 

To grasp the length of the educational course in Japan one 
may imagine a boy of six years starting school. He finishes com- 
pulsory education at 12 or 13. Then follows two years’ further 
elementary course, five years’ middle school which brings him to 
19 or 20 years old, and then perhaps three years technical or higher 
grade school before he enters the university. English is compulsory 
in all schools above compulsory elementary schools. Discipline 
is invariably excellent. Great stress is laid on loyalty. Drill 
and military training is a feature of all higher schools. The wearing 
of a distinctive uniform is very general in schools in Japan. The 
development of agricultural Sbhools has been very rapid and in 
consequence many of the teachers are not well qualified, but on 
the whole I was much impressed with the headmen in all the schools 
visited. 

In the short time at my disposal it "was impossible to go into 
every detail, but the above is sufficient to show the great imj)ortance 
attached to elementary training in agriculture, a branch in which 
India at present is gravely behindhand. In America also a great 
deal was being done in elementary agricultural education, but 1 
had no time to see any schools. I saw Texas and California State 
Colleges ; they were doing good work and have courses very similar 
to our vernacular courses, besides the ordinary degree classes. 

Aobicultueal impbovbment. 

A great deal of work is in progress in Japan on rice — ^mainly 
varietal work. Some thousands of varieties seem to be grown and 
the subject is a difficult one. It seemed to me to be tackled on 
sound lines in most places. 

' ^ecfgovnixaltion of holdings. Here is the most conspicuous 
success of this nature I came across/ Already over 10 per cent. 



OBSEKVATIONS ON AGRICULTUEAL WORK IN JAPAN 127 

of rice land has been readjusted into regular and compact holdings. 
To secure readjustment a majority of the farmers in any tract must 
be in favour. Formerly two-thirds majority was necessary, but the 
benefits were so soon realized that at present only a bare majority 
is required. Various bounties are given and certain remissions of 
land revei^ue to encourage the practice. A good deal of proselytizing 
goes on also and a persistent campaign is conducted in favour of it. 
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■PIZOOTIO LYMPHANGITIS. 

Boquet, Negre, and Roig. — First Attempts to Prepare a 

Vaccine against Epizootic Lymphangitis. Bull. Soc. Path. 

Exot., Vol. 'XI, No. 7, July, 1918. 

Hitherto it has not been possible to prepare a vaccine against 
epizootic lymphangitis because it has not been possible to obtain 
cultures of the parasite in series. The authors have obtained some 
cultures from Rivolta which have enabled them to make some 
experiments in this connection. 

They have ascertained that animals that have been affected 
for a period of fifteen days or have recovered from the disease 
3 deld a serum that is rich in antibodies, and further that recovery 
from natural or experimental infection confers immunity. 

It has also been observed during the treatment of the disease 
with sterilized cultures of the parasite that in the benign form the 
disease is checked after the fourth injection. The authors have, 
therefore, been led to try heated cultures as a vaccine. 

For the preparation of the vaccine the growth obtained on the 
surface of Sabouraud’s medium was first ground up in a mortar 
dry and then emulsified with salt solution, the salt solution being 
added in the proportion of about 30 c.c. to 20 eg. of culture. 

The vaccine so prepared was sealed up in tubes and heated 
to 62® — 64°C. for an hour. 

Four injections of 6 c.c. each were given subcutaneously on the 
side of the neck at intervals of eight days. 

Four horses were inoculated in the manner describedywithout 
producing any lesions beyond a slight transitory'swelling. Ei gbf . 

( 128 ) 
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days later two of the animals were inoculated subcutaneously with 
4 c.c. of emulsion of culture which had not been subjected to heat ; 
after a period of incubation of four to six weeks there developed 
in these animals either a generalized lymphangitis or a localized 
lesion at the point of inoculation. 

No healthy horses were available to use as controls, but two 
rabbits were inoculated with the same culture as the authors had 
previously found that inoculation of rabbits leads to the formation 
of a local lesion. 

The two horses vaccinated but not inoculated with living 
culture were kept under observation for three months without 
showing any symptoms of infection. It is, therefore, concluded 
that heated cultures can be injected with perfect safety. 

Of the two horses which received both vaccine and culture 
one developed a sterile abscess at the scat of inoculation, and at the 
seat of inoculation in the other there developed a small nodule about 
the size of a pea, which disappeared eventually. 

Both of the control rabbits developed abscesses in which 
cryptodooci could be found, thus proving that the dultures had not 
lost their vitality or pathogenicity. 

All the vaccinated animals were mixed haphazard with seriously 
affected animals, yet none of them contracted the disease. 

The authors state that they do not draw any definite conclusions 
from their experiment, but state that it does indicate the possibihty 
of inoculating against the disease with sterilized cultures, and that 
the investigation will be repeated. 

Negre, Boquet, and Roig. — ^The Mycothbrapy op Epizootic 

Lymphangitis. BuU, Soc, Path. Eiwt., Vol. XI, No. 7, July, 

1018. 

In this paper the authors record their first attempts at treating 
cases of epizootic lymphangitis with vaccines prepared from artificial 
cultures which they have been able to obtain of the organism. 

The vaccine was prepared in the same way as has been already 
refert^ to in another abstract dealing with the same subject, taken 
from the same journal 


9 
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The vaccine was injected at intervals of eight days, and the 
initial dose was 2 c.c. The successive doses were increased by 
1 c.c. up to a maximum of 6 c.c. which dose was not exceeded. 

The injections were made on the side of the neck and the 
horses treated were not subjected to any other treatment ; abscesses 
were not even evacuated. 

In all, fourteen horses were submitted to treatment, but of 
these four could not be given the full treatment owing to difficulties 
of communication. 

Of the ten animals which received the full course of treatment, 
eight made complete recoveries, while the remaining two which 
were the subject of severe disease of long standing died of intercurrent 
disease during the treatment. 

A detailed statement of the ten cases is given, and these are 
divided into two groups according to whether there was cording 
of the lymphatics or not. 

From the description of the detailed cases it would appear 
that in practically every case the injections of the killed vaccines 
caused abscess formation, and that recovery resulted in from one 
to three and a half months. 

In a summary of the immediate results of the inoculations it 
is stated that during the first 24 hours there develops at the seat 
of inoculation a hot painful swelling about the size of the palm 
of the hand or a little larger. This swelling disappears in three or 
four days, but the area is stiU painful for several days longer. There 
is also a febrile reaction on the day following the injection, which 
lasts for two or three days. 

Negre and Boquet.— The Cultivation in Series and the 

Development op the Parasite of Epizootic Lymphangitis. 

Ann. Inst. Past., Vol. XXXII, No. 6, May, 1918. 

This long paper does not lend 'itself easily to summarization 
in a brief manner ; a translation of the general conclusiom drawn 
by the authors is, therefore, given :~ 

Pus containing oryptococci, taken aseptically from an un- 
ruptured bud and sown out upon an agar medium made from 
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horse dung and covered with a maceration of equine gland tissue, 
yields visible colonies which can be transplanted upon the same 
medium or upon Sabouraud’s agar at first with and subsequently 
without the gland maceration. (Details of the preparation of the 
dung agar and the gland maceration are given in the body of the 
paper.) 

With successive subcultures the cultivation of the parasite 
becomes more easy, and it develops more rapidly. After a number 
of passages it can be transplanted on to various media containing 
agar, gelatine, potato and carrot. 

The optimum temperature for cultivation is 37°C. At this 
temperature the colonies upon Sabouraud’s agar have a sandy yellow 
colour. They are wrinkled, and scattered over them are a number 
of little downy white spots. This downy appearance is more pro- 
nounced at lower temperatures. 

When first sown out the cryptococcus becomes swollen and 
rounded, and drops of oil make their appearance in its interior. It 
then develops double contoured mycelial threads which produce 
external spores. 

In subsequent subcultures the young colonies are composed of 
septate mycelial tubes with thin walls. 

In older colonies these filaments disappear after having produced 
external spores by a process of budding. The latter give rise to 
septate mycelial tubes with a double contour and to chlamydospores. 
They are identical with those which arise by a process of budding 
from the rounded forms of the cryptococci. 

The rounded form of the parasite as it occurs in primary cultures 
and the external spore are therefore the points of origin of exactly 
similar thread formations, and it would appear that the cryptococcus 
is the form of multiplication within the body which corresponds 
to the external spore. 

We have established the fact that the parasite is able to multiply 
in the horse’s skin in the form of the threads referred to above — that 
is to say, as tubes showing a double contour and external spores. 
According to one of our observatioius, which requires confirmation, 
the cryptococcus is developed in the horse’s skin by a process of 



AGRICULTURAL JOURNAL OF INDU 


132 


PflV, I. 


budding from the external spore. At the moment when buddii^ 
takes place the spore has only a thin wall. 

In old cultures the segments of the mycelial tubes become 
detached from each other and have a twisted appearance. 

Horses inoculated by scarification or intra-dermally with 
cultures of the parasite develop abscesses containing the cryptococcus. 
Subcutaneous inoculation results in the formation of abscesses 
which may subsequently become generalized by way of the 
lymphatics, thus producing the clinical picture of the natural 
disease. 

Cryptococci appear in the lesions from three to four weeks 
after inoculation. They are at first free and appear as small ovoid 
bodies with thin walls. They then acquire a double contour, and 
the majority of them are to be found within the leucocytes. 

The serum of diseased animals gives a positive result by the 
fixation test with cultures of the parasite. Antibodies can be 
shown to be present in the blood about the twentieth day after the 
disease makes its appearance. They persist for a long time after 
recovery. 

A horse which has recovered from a primary attack of lymphan- 
gitis is resistant to a second inoculation with culture. 

To sum up, we have succeeded in obtaining the development of 
the cryptococcus in the mycelial form. We have been able to 
obtain cultures of the organism in series. 

> We have established the multiplication of the parasites in the 
horse’s skin in exactly the same form as in cultures. 

We have reproduced the disease experimentally by inoculation 
with cultures and have shown that the oiyptococcus make s its 
appearance and develops in the lesions produced. 

' We therefore think that the cryptococous is the multiplication 
form within the horse’s body of the organism which we have de- 

8Ctib0d. 

The pMdaite will only be able to be classified when its havusI 
method of re|nx>duction is accurately known, 
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RINOBRPBST. 

Youngberg.— The Immunity to Rinderpest op Nellore (Indian) 

Cattle and of various Nellorb-Native Grades. PUlif - 

jnm AgricfuUural Review, Vol. X, No. 4, 1917. (Ex. Trap, Vet. 

BiM., Vol. VI, No. 2, 1918. Original not available.) 

It has been found that Nellore cattle adapt themselves readily 
to the conditions in the lower altitudes of the Philippine Islands and 
that when crossed with Native or Chinese dams a good type of 
animal is produced. 

The idea was prevalent among Philippine breeders that the 
immunity possessed by Indian plains cattle to rinderpest could be 
transmitted to half-bred progeny. The author produces evidence 
both from field and experimental sources which shows that this is 
not the case. 

The following conclusions are drawn up : — 

(1) The pure Nellore cattle are very highly resistant to the 
Philippine strains of rinderpest, the mortality being insignificant. 
They are not, however, absolutely inunime. 

(2) In the case of Native cattle the infectivity of the virus is not 
appreciably attenuated by being passed through Nellore cattle. 
This fact makes the latter very dangerous as conveyois of disease, 
as they may react without showing clinical evidence. 

(3) The half-bred Nellore cattle do not inherit the high degree 
of resistance to rinderpest possessed by the Nellore stock. In 
infections of moderate virulence they apparently have somewhat 
more resistance than the Native animals, but in virulent infections 
this resistance does not afiord them any protection. 

(4) From the inconclusive evidence at hand, the three-fourths 
Nelloxe-Native grades appear to have a greater resistance than 
the Native stock. 

(6) The rinderpest problem of the Philippine Islands cannot be 
solved by the importation of Nellore or other Indian cattle unless 
possibly by carrying it out to the extent of practically eliminating 
the Native stock. 
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PARASITOLOQT. 

Chatton. — ^Microfilaria of the Domestic Cats in Southern 

Tunis. BvM. Soc. PatJi. Exot., Vol. XI, No. 7, July, 1918. 

The parasite figured and described in this note was found in 
two out of twenty-six cats examined. 

In one of these they were scantily present in the blood at post- 
mortem, and in the other fairly numerous. 

There is no information as to whether the parasite is present 
periodically in the blood. 

The parasite appeared to be devoid of any sheath. In prepara- 
tions fixed with osmic acid, it ranged from 240 to 360 microns in 
length, and from 7 to 9 microns in thickness. In view of the fact 
that the longer parasites were thinner than the short ones, it would 
appear that the differences in thickness were accounted for by 
contractions. The anterior end was obtuse and the posterior very 
slender. 

There was no discoverable striation of the cuticle. The author 
thinks that the parasite bears some resemblance to Filaria imitism 
which is known to occur in Tunis. 

Yakimow, Schochos, Kosblkine, Winogradow, Demidow. — 

Microfilariasis of Horses in Turkestan. Zeitschr. f. 

Infeklions Krankh. etc. d. Haustiere, Vol. XVI, No. 4, 1915. 

(Ex. Trap. Vet. Bulletin, Vol. VI, No. 2, June, 1918. Original 

not available.) 

Examination of horses in military and civil possession in 
Turkestan showed that the former were far more severely affected 
than the latter. The maximum percentage infected in military 
units was 37*6. The maximum discovered among civil horses 
was 8*1. 

The symptoms presented were abrasions of the skin due to 
irritation, especially about the nostrils, oedematous swellings of the 
chest, abdomen and limbs, and in some cases rapid exhaustion and 
dyspnoea when the animals were put to work. 
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The hsemoglobin content of the blood fell to 60 per cent. There 
was very marked eosinophilia, lymphoo 5 d»s were increased in 
numbers and polynuclear leucocytes showed a corresponding 
decrease. 

The filarise possessed a sheath which projected beyOnd both 
ends of the body. 

The body of the parasite, which was rounded anteriorly and 
tapered posteriorly, measured from 159 to 267 microns ; while the 
total length of the sheath ranged from 270 to 323 microns. 

No diurnal periodicity was observed, and subcutaneous inocu- 
lations of infected blood into a horse, ass, and two sheep failed to 
produce infection. 

Intravenous injections of salvarsan were without effect. 

The authors believe that this parasite differs from those pre- 
viously described as occurring in horses and suggest the name 
Microfilaria nines koU-yakimovi for it. 

Mouchet. — Some Anatomical Lesions produced by Nematodes. 

Bull. Soc. Path. Exot., Vol. XI, No. 7, July, 1918. 

The author describes in this paper some lesions which he found 
in the organs of a leopard which had been poisoned vrith strychnine 
on account of the depredations it caused among goats at Kangomba 
(Tanganyka). 

The whole of the intestinal wall starting from a point 20 centi- 
metres from the stomach to a point 30 centimetres from the caecum 
was scattered with nodules which numbered about a himdred. They 
projected from beneath the serus membrane, were about the size 
of peas, and were of a bluish colour. The nodules were cystic and 
the walls were from two to three millimetres in thickness. Inspec- 
tion of the mucous membrane showed that the cavities of the cysts 
communicated with the lumen of the intestine by small openings 
about one millimetre in diameter. Each of the cysts contained 
several worms from one to two centimetres in length. A small 
number of the cysts appeared to have no orifice leading into 
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their istestines, this was particularly the case with the smallest 
of them. 

The worms were identified by Bailliet as Oaloneus pemidosus. 

Van Saobgsem.— Gastrodisous ^gyptiaous (Cobbold, 1876). 

Bidl. Soc. Path. Exot., Vol. XI, No. 6, May, 1918. 

Although the author’s observations are incomplete owing to 
his having been compelled to leave Zambi where he was working, 
he gives the results of some of his iuvestigatioivs. 

The eggs of Gastrodiscus cegyptiacus are easily discoverable 
in fresh faeces of infected animals. They measure 160 to 170 
microns in length by 90 to 95 microns in width. 

Apart from a polyhedral shaped mass in the centre the eggs 
show no evidence of segmentation at the time of laying. After 
three weeks’ exposure to a temperature of about 28®C. (the average 
temperature of the laboratory) the contents of the eggs become 
very granular. 

Segmentation takes place whether the eggs are kept in a 
liquid medium or not. After some days a little vermicule is 
visible in the egg. This executes intermittent movements and is 
ciliated. 

The miracidium having escaped from the egg maintains its 
vitality and executes rapid movements if the escape takes place in 
water. If moisture is not present it rapidly dies. The larva 
measmes about 160 microns in length by 73 microns in width. The 
anterior extremity is rounded and not pointed as in the case of the 
miracidium of Fasciola hepatica. In view of the facts that enormous 
numbers of horses harbour this parasite in very large numbers, and 
that a country very rapidly becomes infected with the parasite, the 
natural conclusion is that the intermediate host of the parasite, if 
one is necessary, must be an extremdy commonly occurring one 
The author thinks it is probably a cohunon mollusc. 

The parasite is, as a rule, not responsible for serious disturb- 
ances of h^th, but it may assist in producing ill health in animals 
in poor c<mdition. 
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Infected horses not infrequently suffer from colic, and the author 
has found tincture of opium with the addition of ether the best 
treatment for this. 

Arsenic appears to be valueless for the expulsion of this worm. 

The only prophylactic measure that can be adopted is to prevent 
horses drinking on marshy ground and feeding grasses cut in marshy 
places. 

Van Saceghem. — ^The Cause and Treatment op Cranular 

Dermatitis. Bull. Soc. Path. ExoL, Vol. XI, No. 7, July, 

1918. 

According to the author of this pai)er the cause of summer 
sores is the larva of Habronetna muscce. 

Some larvae of Musca domestica, wliich had been bred in the 
laboratory, were placed in the dung of a horse known to be infected 
with Habronema muscce. 

Seventy per cent, of the flies which developed from these larvae 
were found to be infected with the laiYae of Habronema muscce. 

This infection takes place during the larval stage, but not 
during the nymphal stage. 

The larvae of Habronema are capable of surviving for 12 hours 
in a liquid medium. If they are placed on the hair, or on a shaved 
area of skin of a horse, they show no tendency to pierce the skin, but 
if placed on lesions covered with serum they show a great tendency 
to penetrate. 

The author has observed small parasitic nodules on the mem- 
brana uictitans and has produced the same lesions experimentally. 

Treatment is both prophylactic and curative. 

The administration of arsenic in doses of 1 to 2 grammes daily 
should, in the author’s opinion, be beneficial in destroying the 
larvee in the horse’s stomach. 

Since the larvee are rapidly destroyed in manure heaps which 
are generating a good deal of heat, it is possible to reduce the chances 
of infection by buryii^ the freedi dung daily in a fermenting heap. 
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By this means both the larvae of the worms and of the flies which 
are likely to become parasitized may be killed. 

During the hot weather all wounds should be dressed with dry 


As a curative dressing for wounds already infected, the author 
advises a powder composed of “plaster ” 100, alum 20, naphthaline 
10, quinine 10 or some other bitter powder. Such a powder keeps 
off flics, is very adherent, causes rapid drying of the wound, and on 
account of its bitter taste prevents the animal from biting itself. 

TRYPANOSOMIASIS. 

Sergent Ed. AND Et., Foley ani> Lhbritier. — The Mortality in 

El Debar Trypanosomiasis op the Dromedary. Bull. Soc. 

Path. ExoL, Vol. XI, No. 7, July, 1918. 

According to Algerian cainehnen El Debab in the dromedary 
runs a course ranging from some months to several years, and 
usually terminates fatally. 

The authors have had under observation a couple of naturally 
infected animals. Both died four months after infection. 

An experimentally infected dromedary appeared to have made 
a complete recovery after one and a half months. 

It is pointed out that bad management is not infrequently a 
predisposing cause of death among infected animals. On the other 
hand, the absence of clinical symptoms often leads to the death of 
animals being attributed to bad management, whereas they are 
in reality infected with trypanosomes. 

About 10 per cent, of Algerian dromedaries are infected. 

Velu. — Ocular and Locomotor Disturbances in Equine Try- 
panosomiasis IN Morocco. BuU. Soc. Path. Exot., Vol. XI, 

No. 7, July, 1918. 

Lesions of the eye, while fairly constantly observed, have not 
the same importance as the disturbance of the locomotor apparatus. 

The conjunctiva may be distinctly yellow, but this is some- 
times Inasked by congestion. Petechise of various sizes are present. 
These are at first red in colour but subsequently acquire a purple tint. 
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The eyelids are oedematous and the eyes half -closed. There 
may be erosion of the conjunctiva associated with profuse lachr 3 mia- 
tion. 

These lesions may be present in varying degrees of severity. 
The locomotor disturbances are by far more constant, but these 
also vary in severity from case to case. They range from mere 
weakness, which is usually more pronounced in the hind limbs, to 
actual paralysis. 

On a number of occasions the author has observed complete 
inco-ordination during febrile attacks. In every case in which 
locomotor disturbances have been pronounced, there has been 
incontinence of urine. 


MISOBLLANBOUS. 

McCulloch. — The Stability of an ALSjVLiNE Hypochlorite 
Solution. Jl. R . A. M. C ., Vol. XXX, No. 5, May, 1918. 

The experiments detailed by the author of this short paper 
were carried out with the object of ascertaining the value of an 
alkaline hypochlorite solution as a sterilizing agent — such a solution 
having been put on the market as an efficient water sterihzer. The 
experiments were carried out at Wellington, India. The author 
concludes that a solution containing calcium hydroxide, calcium 
hypochlorite, and sodium hypochlorite, with an average amount 
of available chlorine of 3*6 per cent., of which 0‘35 per cent, was in 
the free state, is not much mom stable than bleachii^ powder and 
is of little value as a stable sterilizer in tropical comitries. 
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SILK AND SILKWORMS IN THE FAB EAST. 

BcM<f wformation gathered during a recent visit to China, Ju'pan, Korea, 
Manchuria, and French Indo-China. 

BY 

(/OMMISSIONEE AND Mb8. BOOTH-TUCKER. 

I. South China. 

Canton. The Cautoii variety of silkworm is a muJtivoltine, 
producing crop after crop in quick succession all round the year. It 
is closely related to the Mysore silkworm, and produces small 
cocoons but with a very good quality of silk. The cocoon is not 
worth exporting, except in the case of pierced cocoons which are 
exported as waste silk. The price when we were at Canton 
averaged about 83 dollars per picul of 133 lb. 

In regard to colour of cocoons and. silk, this varies. There 
are some which are the same light greenish colour as the Mysore 
and others which have the rich yellow of the Bengal, but the bulk 
are pure white, and only the last mentioned are used for producing 
reeled silk for eiqwrt. 

There are large filatures engaged in reeling this silk which is 
eagerly bought up by foreign merchants. 

A Very large proportion, however, of the cocoons are reeled 
and made into silk fabrics in China. 

There are a number of small weaveries in Canton working 
with Chinese handlooms of a very ancient pattern. The work 
turned out is, however, excellent. 

It was noteworthy that a great deal of the raw silk is put on 
the tooms without being bleached, the fabrics being bleached after- 
wards* On Uw other hand, a good deal of the raw silk is bteadhed 
before being put on the looms. 

( 140 ) 
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On some of these old-fashioned looms patterns of beautiful 
design are worked by means of a very ingenious “ Jacquard ” arrange- 
ment, if so it may be called, a weaver sitting above the loom and 
pulling an intricate number of threads to work the healds. No 
arrangement appears to have been made in Canton for introducing 
the much more simple Jacquard attachments, although the present 
plant certainly produces very satisfactory results. 

The Silk Eiq)ert who kindly assisted us in our enquiries and who 
had had eight years’ experience in the country, told us that he did 
not know of any school in South Cliina for the instruction of the 
Chinese in superior methods of either rearing worms, reeling silk, or 
weaving, but the industry is so extremely ancient and the Cantonese 
are so very painstaking and careful in attending to details, that 
the whole industry is carried on with great success both as a cottage 
industry and otherwise. Recently, however, large filatures have 
been organized on the Eiuopean model, and these appear to be 
very prosperous. 


II. North China. 

We visited Shanghai, Pekin, and Mukden, and made enquiries 
at various centres. Here we found three excellent varieties of 
cocoons, namely, W usih, Shewshing and Hupeh. Experts whom we 
consulted told us that, in their opinion, the Wusih and Shewdiing, 
which are white cocoons, are superior in quality to the Italian. 

The extreme care and attention which is given by the Chinese 
to the cultivation of their silkworms, and the long period that the 
industry has existed will account for its great success. Government 
is now taking considerable trouble to establidi silk schools in 
difierent parts of the country, so that improved methods may be 
introduced. 

We were able to get a supply of Wusih and Shewshing eggs for- 
warded to us and have hibernated them in Simla and are sending 
them out to various centres throughout India, as well as to all 
Government institutions with which we are acquainted. This we 
are doing free of charge althoi^h the experiment has cost us a good 
deal, as we are satisfied th^ one, if not both, of these varieties. 
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may be of extreme value to us in India and may be better suited 
to the climate than either the French or Italian varieties. We 
have asked the different centres to which the eggs axe being sent 
to kindly report the result. The North China cocoon harvest is in 
Jure and July in the hot weather, and hence it is probable that 
this kind of silkworm would be well suited to India. 

The North diina silkwmms are univoltine and the cocoons, 
as in the case of other univoltines, are far superior to the multivol- 
tines of South China. 

We may here remark that the univoltine variety has one great 
advantage over the multivoltine, inasmuch as its care does not 
interfere with the growing of the ordinary crops. It is usually 
produced at a time when agricultmal labour is, comparatively 
speaking, free, and helps to supplement the revenue from other 
crops without interfering with them. 

In making investigations on this question in France and Itply, 
experts there said to us that they did not care to introduce multi* 
voltine varieties into Europe because it was found that they inter- 
fered with other and more profitable crops, which was not the case 
with the univoltine. This is a point which should be borne in mind. 
The agriculturist naturally looks for profit and the introduction of a 
crop which pays better than silk has been known in some localities 
to lead to a wholesale destruction of mulberry trees, as was the 
case some years ago in parts of Italy. 

There is an immense demand for the above three kinds of 
cocoons in the Chinese filatm'es and high rates prevail so that the 
cultivation is extremely profitable to the people, The Yang-tse- 
Kiang river forms a splendid highway for their transportation to 
the filatures on the coast, and this, in the absence of railways, helps 
in the production. 

Both the Shewshing and Wusihs are pure white cocoons, while 
the Eupehs are a rich golden yellow. The Hupehs appear only to 
have been recently introduced to the filatures and were at first 
looked upon as inferior. In fact reelers in some of the filatures 
refused to use them, diowing how strong is the feeling in China 
in favour of white cocoons as opposed to yellow. It was necessary 
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in some of the filatures to begin with two or three basins and 
gradually work up others. 

The Wusihs are produced in a flat level coimtry very like Bengal 
or the Gangetic valleys, the summer heat being very great. The 
Shewshings are produced in a somewhat hilly country at an eleva- 
tion of about one thousand feet. The Hupehs come from the 
interior of China. 

The mulberry is mostly planted in the form of dwarf trees two 
or three feet high, planted very close. Lately bushes have been 
introduced, but as a rule only one or two stems are allowed to grow, 
and these are cut down yearly. The leaves are stripped ofE and 
fed separately, and the worms are reared on large round trays. The 
custom for cocoonage, viz., for the mounting of the silkworms to 
produce cocoons, is to pla(!e bundles of grass, tied at the bottom with 
their heads spread out. Women gather the worms in baskets when 
they appear to be ripe and go round placing them on the top of the 
bundles of grass to spin. The method is somewhat primitive, but 
answers its purpose. 

Another plan is to have a long straight rope with flat stars 
inserted at intervals on which the worms are cast to spin. They 
are not encouraged to “ mount ” of their own accord. 

Hie Chamber of Commerce and the TVench Consulate in 
Shanghai are endeavouring to introduce improved methods amongst 
the roarers. 

The filatitres are quite up-to-date, and the basuis which w<» 
saw had five, six, and even eight buttons working. Women are 
mostly employed in doing the reeling, while men suj)ervise and 
watch the work. 

It is not found necessary to re-reel, as the reeling itself is ex- 
tremely good. In a filature which we visited we were told that all 
the raw silk they produced was marked as 100 tavelle, that is, with- 
out any breaks, while the variation in denier was merely fractional. 
At the time of our visit this raw silk was fetching 7 American dollars 
per pound (not kilo.), equivalent to Rs. 21 per lb. 

Where large numbers of buttons are worked, the cocoons are 
prepared for the reelers by girls, and the breaks are mended by 
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separate women who are employed for the purpose. It is a little 
remarkable that they are paid by the day and not by results. If, 
however, they do not produce a fair day’s work, they are fined. 
Owing to the high price of raw silk and the strong demand for it, 
the nmnber of filatures has enormously increased of late. 

The godowns for storing cocoons which we visited were nothing 
lil» so up-to-date as those which we visited in Srinagar. They 
are a good deal troubled with rats in the godowns, but rely on cats 
and traps for keeping these down — they are not able to use poison. 
The raw silk was packed with extreme care and not in the apparently 
rough and ready manner which prevails in Kashmir. 

Silk-weaving in Pekin. We visited a very interesting weavery 
in Pekin which was much more up-to-date than the weaveries of 
Canton. They had imported Jacquard attachments for their hand- 
looms from Japan, and these were being very successfully worked, 
many excellent fabrics being produced. 

Everywhere, both in South and North China, one could not 
help being impressed with the fact that the enormous production of 
cocoons in the country facilitated the manufacture of cheap silk 
fabrics, and that in this respect India could not hope to compete 
with either China or Japan till she had established a sufficient pro- 
duction of cocoons. The success of the industry was based on the 
existence of the raw material. 

III. Manchuria. 

Manchurian tussor. Authorities claim that the cultivation of 
the Manchurian tussor preceded that of the domestic variety. 
The rearing area which originally occupied the Peninsulas of 
Liaotung and Shantung gradually spread eastward to the valley of 
the Yalu, Chefoo and Antung, being now the principal commercial 
centres. 

Operations were considerably interrupted by the Qiino -Japanese 
and Russo-Japanese wars. But since their conclusion the industry 
has advanced with extreme rapidity. 

Thtis variety of tussor feeds on four feinda of silkwoim oaL 
The tystern of growing these in dwarf plantations appears to 
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be well worth considering for application to the Indian tussor 
and muga. 

The trees are planted by the Chinese about 3 to 5 feet apart, 
about 12,000 acorns being planted to the acre. Holes are dug about 
6" to 1' deep and several acorns are placed in each. They are not 
manured. They sprout in spring, and the weaker growths are then 
removed. After two or three years there is a fair growth, and they 
are then cut back usually to the height of a foot and are used for 
feeding the following spring. The trees are never permitted to 
exceed 5 or 6 feet in height. 

There are two methods of pruning adopted ; 

1. The umbrella method, in which the tree is pruned to a 
height of two or three feet above the ground in the shape of an 
umbrella. 

2. The tree is cut down at about one inch from the roots, 
sending out new shoots with dense foliage the following spring. 

The pruning is carried out after the gathering of the autumn 
crop. 

A well regulated plantation will include trees of various ages, 
the youngest or recently pruned being reserved for young worms, 
and those with more mature foliage for older worms. 

The trees have to be renewed from time to time as the leaves 
become small, hard and unsuitable for feeding. 

In the new districts trees are propagated by cuttings rather 
than seeds. Branches are selected from a growing tree, about 1" 
in thickness and 3' in length. Late in the autumn these are inserted 
in the ground to a depth of 9". They sprout in the followiiig spring, 
and 8 or 4 worms can be reared on them, the number being increased 
to 12 and 20 in the following two years. 

The droppings from the worms manure the trees and increase 
the supply of leaf. 

The dwarf plantation has the great advantage that the worms 
can more easily be removed from tree to tree, and protected from 
their Inrd and insect enemies. 

/ There are two crops, of which the autumn one is the best. 

There are several systems followed for hatching the eggs. 

10 
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1. Indoors, the young worms not being taken out to the oak 
plantation until after the first moult. 

2. After separation from the male moths, the females are 
t^aken to the plantation and tied to the branches of the trees till 
they deposit their eggs. 

3. In Japan Ifhe eggs are kept in a box, and about ten days 
before hatching are pasted with starch to egg cards, each of which 
bears about 60 eggs. These cards are then fastened to the trees, 
and the paste prevents the eggs being washed off by rain. 

When the eggs are hatched on the first system indoors, the 
young worms are fed on young branches of oak, two or three feet 
long, tied in a bimdle and placed in vessels containing water, care 
being taken to prevent them from descending into the water and being 
drowned. This method is termed the “ Han Tim.” 

Another plan is known as the “ Shui Chang ” or water yard. 
Branches are similarly cut and placed in the mud or sand on the 
banks of a mountain stream. In both cases care must be taken 
that the place is sheltered and not too exposed to the wind. 

The above details show the exteeme attention to detail bestowed 
by the rearers, both on the growing of the food tree and on the care 
of the worms, contrasting very strikingly with the careless, slipped 
methods prevailing in India, and resulting in the rapid deterioration 
and destruction of what might become a valuable asset in her 
commercial, agricultural, and industrial prosperity. 

For further information on this subject, see Norman Shaw’s 
“ Manchurian Tussor Silk,” Fauvel’s “ Silkworms of Shantung,” 
and Palen’s “ Wild Silkworm Culture in Manchuria.” 

At the same time it has to be remembered that the tussor 
silkworm cannot as a rule be compared from a commercial and profit- 
able standpoint wi^ the domesticated varieties, and it would in 
our judgment be a mistake to concentrate attention upon it in 
the present stage of the silkworm rearing industry in India. 

The thread of the tussor is fiat, making it difi5.oult to combine 
wi^ other fibres, while that of the domesticated Sombyx is round. 
It alcKi lacks in hriUian^. The market likes it maiuly if and when 
it can be obtained cheaply, and often, as in the case of the eri, at 
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“waste ” rates, which may not pay to produce, and which cannot 
ordinarily compare with the prices commanded by mulberry silk. 

IV. Japan and Korea. 

In Japan we were very Idndly received by Prof. Honda, 
President of the Imperial Sericultmal Institute, who gave us much 
valuable information regarding the industry in Japan. This college 
has a staff of about 40 professors and teachers and is extremely well 
organized. Professor Honda himself has written a most excellent 
treatise on silk in Japan, containing a quantity of information which 
should be very valuable for use in India, We have supplied this 
book to our silk schools. 

There is no doubt that the organization of the silk industry in 
Japan is far ahead of that in any other country. The Japanese are 
born organizers, and one has only to travel through their country to 
see with what care they collect the most exact details calculated to 
contribute to ihe success of the industry, and how lavish they are 
in their expenditure in doing for silk what no private individual or 
organization can do for it. 

The college is a commodious building, wooden, inexpensive, 
very simple, covering nearly the whole ground on which it is located. 
At the time of our visit there were 200 students. The ordinary 
course for students covers two or three years, and those who were 
admitted must have certain educational qualifications. 

In spite of the great heat at th e time of our visit — it was in July — 
the worms seemed to be doing well in all stages with the thermometer 
going up daily to 90° and 96° Fahrenheit. They did not appear 
to suffer in any way ; nor was there any attempt made to keep them 
cool beyond having them on the ground floor of a double-storied 
building with ample ventilation, while the leaf was kept in a cool 
cellar, damped, so as to prevent its losing its juiciness and becoming 
dry through the beat. The professor told us that all over Japan 
similar conditions existed, and that the worms there did not suffer 
from this extreme heat. 

He informed us that throughout Japan the worms were fed on 
bush mulberry, and he did not consider it necessary to have tree 
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mulberry, but that there were a great many different varieties of 
mulberry — between two and three hundred in all — and some were 
far better than others and produced better results. Great care 
was taken moreover in feeding the young worms on youi^ leaves 
and the older worms on matured leaves. 

In travelling through Japan we noticed the absence of tree 
mulberry, and that in some cases instead of bush mulberry there 
were dwarf trees. We noticed also that the greatest care was given 
to the cultivation of the mulberry plants. The plantations were 
absolutely weedless, well manured and cultivated, and, in almost 
all cases, irrigated. Hence, in spite of the great heat there was a 
full and abundant supply of leaf which seemed juicy and tender. 
Again, instead of the poorest soil being given to it, as is so often the 
case in India, so far as we could see, the best and richest soil was 
being utilized for growing mulberry. Evidently, in the opinion 
of the Japanese, no soil was too good for the food of the silkworm. 
We asked the professor whether there was any special reason for 
preferring bushes to trees. He replied that trees were much more 
liable to disease, and hence the preference for bushes. It was much 
easier also to pick the leaves, and the bushes could be planted faj 
more closely than trees. 

Grainage. The utmost care is given to grainage, or the produc- 
tion of disease-free eggs. No one may produce eggs without a license, 
and a staff of something like 3,000 inspectors is employed in inspect- 
ing the licensees and watching that no diseased eggs are allowed to 
be produced. The ordinary rearer of silkworms was forbidden to 
grow seeds either for himself or for others. 

Hibernation. The best way of storing eggs was, in the opinion 
of the professor, in windhalls, or caves, which were dug in the side 
of hills. Positions were found in the slope of a hill facing north, 
where there was reason to believe that there would be a natural 
current of air from inside, and here a pahka cave was made about 
20 feet in depth right into the side of the hill. It was essential 
that there should be natural draught, hence the name “windhalls.” 
Ooming from inside, it secured a uniform temperature, throughout 
ik9 hottest weather, of from 30" to 40" Fahrenheit. It was built 
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out of the hill with some sort of trellised doors so that the wind could 
got out freely all the time and play upon the eggs, which were simply 
arranged in idielves. Another system of hibernation was the usual 
snow -pit, while another was the artificial refrigerator. This last 
was very complex and expensive and did not appear to be particu- 
larly favoured by the professor, though one was in operation in the 
grounds of the college. He considered the windhaUs were the most 
suitable. In these, eggs could be stored right through the hot 
weather. This was important as the Japanese have now two har- 
vests of cocoons, one in the summer — ^the most important — and 
another in the autumn. The eggs for both are the univoltine variety 
and are tlie previous year’s layings, being preserved in the windhaUs 
till they are required for use. 

This is an extremely important point for India, owing to the 
fact that in a great part of the country the mulberry produces its 
beat supply of leaves after the south-west monsoon, and the regular- 
ity of this monsoon would probably enable a very good crop of 
cocoons to be produced at this time. At present the attempt to 
keep the eggs artificiaUy till they are required at the end of the 
monsoon has not Ijeen a success, but the windhaUs may get over 
this difficulty. 

On the point of re-reeling, the professor told us that it was the 
universal practice in Japan to re-reel their raw silk. This was not 
in order to get the taveUe perfect, but because of the dampness 
of the climate. It was not necessary in China, and would not 
bo in other places where the climate was not so damp as that 
of Japan. 

In Korea the Japanese have made great efforts for the exten- 
sion of the silk industry, and the prospects seem exceUent. [See 
Japanese official report on the administration of Chosen (Korea).] 

It is important to note that in Japan, from the Emperor’s 
household downwards, the whole country takes an interest in the 
rearing of ulkwoms. 

I. The Uhnpress herself has a mulberry garden inside the 
palace grounds and cultivates silkworms with a view to encouraging 
the industry. 
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II. The Government also throws itself heart and soul into 
the industry — 

(o) Serioultural Institutes. There are two important insti- 
tutes supported by Government, one in ToMo and the other 
in Kioto. 

(6) Prefectural Schools of Sericulture are also established in 
four difierent Prefectures. 

(c) There are also thirteen Sericultural County Schools, besides 
many private schools. 

(d) There are eight Prefectural Institutes of Sericulture and 
five County Institutes, while private institutes are innumerable, 
and there are a number of temporary institutes and training places 
opened during the rearing seasom 

(e) Agricultural Colleges, Forestry Schools, and Agricultural 
Experiment Stations give training in sericultural oourses. Those 
institutions, when not supported by Government, Prefectmre, or 
County, are liberally subsidized by them. Subsidies are also given 
by Government for enlarging mulberry plantations. 

(f) Circuit Lecturers are employed by Govermnent, Prefectures, 
Counties, Towns and Sericultural Associations. They are sent 
round to give direct guidance and encouragement to those engaged 
in the industry. Some of these circuit lecturers are employed all 
the time, while others are only employed for the season. They 
are supplied from among the graduates of the above mentioned 
schools and institutes. 

(gr) Competitive Exhibitions. Numerous exhibitions are held 
in the different parts of the country to give encouragement to 
serioulturists, by collecting and exhibiting their products, thus 
giving stimulus for the betterment of the industry. Prizes or 
certificates of excellence are given. At least 60 such exhibitions 
are held annually. 

(h) Precautions against silkworm disease. Special laws are 
passed and strictly enforced for the prevention of disease. The 
offices for the prevention of silkworm diseases number 132, while 
.the staff thus employed amounted, in 1909, to 8,176 persons. The 
annual expense for this one purpose, paid by tiie Central or 
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Prefectural Governments, reached the vast sum of one m illi on 
yen, say, 20 lakhs of rupees. 

** Conditioning*' of raw silk. Government has ostabli^ed a 
“ conditioning house ” by special act of legislature in Yokohama. 
This we visited. No charge is made by Government for condition- 
ing the silk, but there is an ingenious arrangement by which this 
institution is entirely self-supporting. The actual number of tests 
performed in the Silk Conditioning House in 1908 amounted to no 
less than 97,723. 

III. SericuUurdl Associations. In addition to Government 
support, numerous Sericultural Associations have been establidxed. 
The Sericultural Association of Japan has as its honorary president 
and patron the Crown Prince, with 30 councillors appointed from 
amongst influential men in the sericultural circle. Its board of in- 
vestigation includes many noted scholars and sericulturists through- 
out the country, while its membership has reached to 60,000. This 
Association has its branches in every Pi-efecture throughout the 
country. Another similar Association exists with a membership of 
40,000. A third has a membership of 36,000. In addition to this 
there are — 

67 Sericultural Guilds. 

35 Silkworm Egg Guilds. 

21 Baw Silk Guilds. 

1 Silkworm Bearers’ Guild. 

2 Silkworm Bearers’ and Silkworm Eggs Producers’ 

Guilds. 

6 Sericultural Guild Unions. 

1 Baw Silk Producers’ Guild Union. 

Special laws have been enacted to assist these Guilds and have . 
resulted in immense benefit to the members. 

IV. Co-operative Credit Societies. Under the Co-operative 
Societies Act passed in 1898, 2,442 co-operative credit societies have 
been formed for sericultural purposes, being 67 per cent, of the total 
number of Indtiirtrial Co-operative Societies existing in Japan, 

' V. Cidtivation Mtilherry. The total area of mulberry farms 
in Japan was, in 1907, 967,662 acres, being 7*44 per cent, of the total 
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cultivated lands in Japan and over 16’2 per cent, of the total farms. 
These are steadily increasing .year by year. In the Prefecture of 
Gumma 31*6 per cent, of the cultivated lands are devoted to 
mulberry ; in Yamanashi 30*2 per cent. ; in twelve Prefectures 
the percentage ranges from 10 to 31 per cent. ; in eleven others 
from 6 per cent, to 10 per cent. 

Nothing is more remarkable than the extreme attention given 
to details so that a good foundation is laid for the superstructure. 
The methods of mulljerry plantation are generally classified under 
four heads 

1. Bush Plantation. 

2. Dwarf Plantation. 

3. Pollarded trees, similar to Prance. 

4. Full-grown trees. 

Each of them is scientifically and methodically adopted and 
mulberry diseases ate carefully dealt with. 

V. French Indo-China. 

We spent a week in French Indo-China, calling at the ports of 
Haiphong and Saigon. Saigon is the capital of French Indo-China, 
and we had here the good fortune to obtain advice and information 
from the Director of Agricultiue and Commerce, who is a keen 
enthusiast upon the subject. 

It is extremely interestiig to notice the policy pursued 
by the French Government in French Indo-China, and the 
changes which have been made by them as a result of their 
experience. 

As might naturally be expected, they commenced by intro- 
ducing the Flench univoltine silkworm, but found that in the 
warm climate of the tropics it suffered considerably. Attempts 
were made to cross it with the indigenous worm. These again 
did not prove very satisfactory. Finally Government Experts 
decided to devote themselves to the improvement of the indi- 
genous polyVoltine silkworm, which is practically ihei aatne as 
the Canton and Mysore varieties. Here they have achieved great 
success. 



SILK AND StLKWOKMS IN THE PAE EAST 


163 


They have devoted themselves to two points : one, the provision 
of disease-free eggs for the people. For this purpose small inojqjen- 
sive rearing centres have been established in different parts of the 
country, and the disease-free eggs issued without charge by Govern- 
ment to rearers. No less than 6,272,600 layings of eggs were issued 
by Government to the rearers in 1914, and the demand for these 
eggs was double what Government was able to supply. 

At the same time Government devoted themselves to the 
improvement of the indigenous silkworm, not by hybridizing, but 
by a careful system of selection. It is now a well-established fact 
amongst silkworm-rearers that the hybridizing of a well-established 
nationality of silkworms, if one may use the expression, by another 
nationality of q^uite distinct origin, is often unsatisfactory besides 
being extremely tedious. It is a very slow process, extending over 
many years, and there is a constant tendency to lapse. Where 
eggs have to be produced by millions, hybridizing can only work 
very slowly, and whilst there are many excellent breeds of worms 
in existence, it is doubtful whether commercially the thing is worth 
much time, trouble or expense. It ought to be done on a small 
scale for experimental purposes at GoVeriunent Experimental 
Stations, but it should not be regarded as part of the Government 
conunercial propaganda, seeing that the market requires large 
quantities of raw silk of uniform texture, not a hodge-podge of many 
varieties. This is an important point. 

The French Government having devoted themselves to improv- 
ing the existing indigenous worm, they have so far succeeded that 
the actual quality and length of fibre produced from some of these 
indigenous worms thus carefully treated, is almost equal to that 
of the best French varieties. This is undoubtedly a great triumph, 
but we may say that commercially it does not at present count 
for much, and it will be many years before it really makes a 
considerable difference. The fact, however, that this is being 
done with the indigenous worm and not with a hybridized 
lapsable variety is very much in its favour, and points very 
strongly to the policy which ought to be adopted by Government 
in India. 
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It must be remembered that all the prejudice of the French 
experts must have been in favour of their own very superior !EVench 
silkworms, and that it has been only with reluctance, and gradually, 
that they have altered their policy to suit the teopical conditions of 
the Orient. The Director has a small silk school under his personal 
supervision in the Botanical Gardens at Saigon, and Very kindly 
showed us all the details of it. Comparing this school with those 
of the Salvation Army in India, we could not help feeling gratified 
to find that it was being carried on along almost exactly the same 
lines as we had ourselves introduced. The whole object was to 
encomage sericulture, including reeling and weaving, as a cottage 
indmtry. There was nothing there which a native could not intro- 
duce into his own cottage, and yet every implement used was being 
improved. There was, for instance, very uigenious, simple, and 
inexpeixsive system for the silkworms to “ mount ” when forming 
their cocoons. This was to take the place of the ordinary chandrika, 
which is there employed very much as in India. Ihero was also a 
very simple oven for drying the cocoons, the damp climate of the 
country making it difficult to do this by means of the sun, as is 
commonly done in India. The system was also much more satis- 
factory and quite cheap. The professor preferred the dry heat 
system to the use of steam. The “ bassine a feu vu ” for cottage 
reeling was not in our opinion nearly as good as our own Salvation 
Army Cottage Reeling Machine, nor was the cottage handloom to 
be compared with ours. 

There was a mulberry garden in which different kinds of 
Tonkinese and Chinese mulberries were being grown, and careful 
experiments were being tried. 

One of the points on which we made careful enquiry during our 
visit to the East, including China, Japan and French Indo -China, was 
the possibility of rearing multjvoltine silkworms iix tropical climates 
and in the plains similar to Madras, Bengal, etc., practically all the 
year round. It was quite evident that the indigenous multivoltine 
could be thns grown if proper arrangements were made for fheir 
food.' We came to the conclusion that the success iix this respetit 
was largely due to the extreme care given to supplying thfe WorMs' 
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with juicy leaves from irrigated mulberries, and that a good many 
failures in tropical climates are due to ^e fact that the worms have 
been badly fed and cared for, and that the proper conditions have not 
been sufficiently watdied, while there has been no attempt au3rwhero 
made to cope with disease, which, as is well known, is of an extremely 
virulent character if not checked at the outset. 



SCIENTIFIC PLANT BREEDING.* 


So much attention has been directed to the purely scientific 
advance that has followed' the birth of Genetics as a new branch of 
science that little regard has been paid to the very remarkable 
results already reached by the application of Mendehan methods 
to the problems of economic plant production. It is necessary to 
distinguish somewhat sharply between the facts which Mendel was 
the first to discover, and the hypotheses which have been put 
forward to explain these facts. The practical plant breeder is not 
primarily concerned with the theory of the subject ; the Mendelian 
fact of grand importance to him is that unit characters do segregate, 
and that new combinations of these characters can be made. 

It may be of interest, therefore, to consider some of the more 
important results obtained in regard to food-producing plants, and 
to indicate some of the difficulties which may impede future progress. 
Of food grains none is more important than wheat. The most 
marked achievement in wheat breeding is the production of a variety 
resistant, if not entirely immune, to the fungous disease known as 
Yellow Rust (Puccinia glumarum), as a result of the discovery that 
resistance to this disease obeys the Mendelian law of segregation. 
Once this was established it became a comparatively simple matter 
to transfer this character as an independent unit from the poor 
3 rielding Russian wheat “ Ghirka,” in which it was found, to a 
wheat suitable to the conditions of England. The variety “ Little 
Joss,” which was “ made ” in this way some ten years ago, is now 
well estoblished in the Eastern Counties. 

The possible economic value of this achievement becomes 
apparwit if the enormous yearly losses caused by rust— perhaps not 
far slKwt of 10 per cent, of the yield annually— are considered. 

* Bopiiatod from Nature, dated 35tli July, 1918. 

( 156 ) 
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Another economic character that can he controlled in the same way 
is stiffness of straw, a matter of importance in those parts of the 
country, such as the Pens, where a weak-strawed wheat becomes 
“ laid ” in wet seasons. It is interesting to learn that a short, 
stiff-strawed Variety known as “ Penman ” has recently been pro- 
duced which is likely to be largely adopted in the Pen country. But 
the possibility of greater additions to the food supply of the country 
is now in sight. It is well known that wheat is commonly a slow- 
growing plant ; sown in late autumn or winter, it is harvested in 
August. Barley and oats, on the other hand, come to maturity 
more rapidly, and need not be sown until spring. There are, however, 
certain varieties of wheat which can be sown in spring, but, unfor- 
tunately, their yield of grain is considerably less than that given 
by winter wheats. The result has been that under the ordinary 
conditions of farming in this country the area that can be sown with 
wheat is limited to that not occupied by a crop during winter. 
Barley and oats must be grown after “ roots ” because the latter 
are not completely off the ground until early spring. If, then, it 
were possible to make a spring wheat combining the character of 
early maturity with a yield approaching that given by winter wheat, 
the economic gain might be enormous, for, obviously it would be 
in the interest of home food production to curtail the area occupied 
annually by barley. If, then, we could add to the existing acreage 
sown annually with wheat only one qtiarter of the normal acreage 
under barley and oats, we should add probably 20 per cent, to the 
home-grown cereals available for human food. The possibility of 
making an improved spring wheat depends upon how far early 
maturity and yielding capacity are found to segregate. Apparently, 
there are indications that the former does, but the problem in 
regard to the latter is complex, depending for its solution on the 
clearing up of the difficulties that are encountered in dealing Avith 
quantitative characters, such as yield, as distinct from qualitative 
characters, such as colour of grain. 

The questions involved are obviously of great economic import- 
ance, for it is the quantitative characters that often detennine 
the economic value of a plant or animal. But it is not simply a 



158 


AQBIOULTimAL JOURNAL OP INDIA 


[XIV, I. 


question of the universality of the Mendelian law. If, as some 
geneticists hold, the inheritance of . quantitative characters is 
regulated by a complex of unit characters, the practical application of 
Mendelian principles becomes exceedingly difficult, for with any 
number of characters over three the munber of possible combination 
of unit characters becomes generally too large to handle. And 
the difficulty does not end there, for, owing to environmental 
fluctuation, the comparative genetic behaviour of individuals cannot 
be disentangled, and the plant breeder is consequently driven to 
resort to purely empirical methods of selection. Nevertheless 
the fact that the exact nature of the laws regulating the inheritance 
of quantitative characters is still obscure may not seriously impede 
the work of the practical breeder. In fact, it has been found in 
practice that, provided desirable qualitative characters can be built 
up in the desired complex, the quantitative characters may be 
susceptible of improvement by selective methods of a more or 
less empirical nature. 

But when all is said, scientific plant improvement in Great 
Britain has made only a small beginning, due, no doubt, in part to 
the general excellence of the varieties of economic plants now 
established in this country. The “ Improvers ” of agriculture and 
horticulture in the nineteenth century revolutionized the industry, 
and, as an outcome of their activities and influence, British seedsmen, 
largely by selective methods, effected very great improvements in 
economic plants. It is only comparatively recently that this country 
has fallen behind. Allusion may be made to the great advances 
achieved in Sweden as a result of the work of the Svalof plant 
breeding station. Denmark also is forging ahead, but, curiously 
enough, progress has not been remarkable in Germany, owing, 
perhaps, to the extraordinary cult of Darwinism which prevails 
there, and the consequent belief in the effectiveness of mass selection. 
In America considerable progress has been made from a scientific 
as well as from an economic point of view — ^notably in producing 
a cotton immun e to the destructive wilt disease. 

But. if a striking object lesson of the successful application of 
new methods to plant production is needed, we must turn to 
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India.^ Dating from the foundation of the Pusa Research Institute 
about the beginning of the present century, great developments in the 
scientific exploitation of Indian agriculture have taken place. Much 
credit is due to Lord Curzon, who, aided, it is now curious to recall, 
by the munificent bequest of an American (Mr. Phipps), founded 
a department which, it is no exaggeration to say, has added thousands, 
and will add millions, to the wealth of the country. India undoubt- 
edly presented a fine field for the modern plant breeder. If we 
consider the immense variety of her plant products, their value 
either as food or in the arts and industries, and then obser^’e that, 
owing to the absence of any skilled seed production industry, there 
is an iincounted number of identifiable races within each distinctive 
variety of economic plant, we can form some conception of the 
possibilities which even selection presents : siiperadding hybridi- 
zation, it is difficult to assign any limits to the field that is opening 
out. 

It would be impossible in the ordinary limits of space to give a 
detailed account of what has already been achieved, but some 
indication may be given of proved successes in relation to the more 
important economic plants. 

Mention may first be made of wheat, of which upwards of 30 
million acres are grown, and which was naturally one of the first 
crops to receive attention. Both selection and hybridization have 
been brought into action, and several new varieties are now firmly 
established. In the United Provinces in 1917 alone “ Pusa No. 12” 
occupied 100,000 acres, and was extensively grown in the Punjab as 
well. This wheat gives a cultivator an iiiereased yield of 25 'per cent. 
over the varieties formerly grown by him, as well as nearly one 
shilling per quarter more on the market, owing to its improved 
quality. Another and later production of Pusa has on occasions 
given a yield of nearly fifty-five bushels per acre, which for India 
is an unheard'^pf figure, and may be compared with thirty-two 
bushels, the British average yield of wheat. In the Pimjal) another 


* Boport on tho Progress of Agrioultmo in India for 1916-17. (CalcuMa : Snpdt. Govt.- 
Printings In^ 1918.) 
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new variety occupied 97,000 acres, and it is estimated that the 
growers of this wheat were presented with an additional income 
of nearly 16,0001. In the Central Provinces improved varieties, 
returning to the cultivators considerably increased profits, occupied 
200,000 acres. Remarkable progress is also being made in the 
production of improved varieties of rice, the most important cereal 
crop in India. A variety known as “ Indrasail, ” isolated by pure 
line selection, occupied 20,000 acres in Bengal. In the Central 
Provinces it has been necessary to establish thirty seed farms for the 
production of other new varieties. Turning to non-food products, 
we find that extraordinary advances have been made in regard to 
cotton (of which 20 million acres are grown in India). In Surat 
an improved cotton has been produced giving a premium value of 
13 per cent.; in Sind new varieties are giving a premium of 23 per 
cent. In the Central Provinces a new introduction is estimated to 
occupy no less than 800,000 acres, and to have brought the culti- 
vators increased profits of nearly 900,0001. After this we may pass 
over such relatively inconsiderable figures as 215,000 acres under 
a new variety in the Punjab, but, for its human interest, mention 
may be made of one incident in a campaign directed to the eradi- 
cation from a certain district of an inferior indigenous variety. It 
is a good example of the methods adopted to impress the Oriental 
imagination. “ In the Tinnevelly District the department had to 
resort to drastic action for the control of seed in the case of some 

ninety acres of fulichai (the inferior cotton) the seed from 

this cotton was publicly burnt before a large gathering of 

ryots.” 

In the improvement of jute (of which India exports annually 
products worth £40,000,000) some notable advances have been 
made. It is expected that in the present year more than 30,000 acres 
will be sown with a new selected variety as a result of the distribution 
by the department of 500,000 packets of seed. In this connection 
a valuable scientific discovery may be mentioned. The pemicious 
weed, water hyacinth, which infests the waterways of Bengal, has 
been found to have a high potash content, and is consequently a 
valuable manure for jute, the use of which not only directly 
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stimulates yield, but also protects the plant against a Rhizoctonia 
disease which attacks it. 

It will be readily admitted that this tale of economic progress is 
astonishing. No mention has been made of the purely scientific 
results achieved, and they are very considerable. The workers no 
doubt feel well rewarded by the satisfaction with which they must 
regard the additions to knowledge which they have made, but 
they may also feel some pride in the remarkable economic advances 
which their labours have brought about, especially in regard to the 
food-producing plants. 


11 



THE GOVERNMENT’S STANDARD SILO.* 


Early in the present year (1918), on January 12th to be exact, 
we published a leading article dealing with the need for ensilage that 
must ensue from the conversion of so much pasture laud into arable. 
Apparently it hit the nail on the head. There followed much 
interesting correspondence from those directly interested in this 
method of preserving summer herbage for winter food. Inci- 
dentally it disclosed great differences of practice and opinion. On 
one point alone was there unanimity. Every practical stock-owner 
felt that, as the contraction of grazing space synchronized with a 
serious and increasing scarcity and dearness of feeding stuffs, the 
silo must now enter on a new career of usefulness. Previously it 
had been the custom to discount its free use in Canada and the 
United States by pointing out that in these countries the length and 
severity of the winter compelled farmers to stable their livestock 
and feed indoors for a larger portion of the year than is necessary 
with us. But the circumstances arising out of the war caused 
them to drop this excuse for indifference. It was disclosed that to a 
greater extent than had been generally known those farmers who 
recognized that agricultural success depends up{)n taking long views 
had been quietly preparing to make ensilage. Enquiry on our part 
showed that the movement had been most pronounced in the 
Eastern Counties, where the root crop is veiy uncertain, and that 
Mr. Amos, whose successful management of the Downing College 
land is very well known, had given special attention to the subject. 
Fortunately, we were able to induce him to write a series of articles 
that proved to be valuable and instructive. 

Meanwhile, the Board of Agriculture, through its Food Produc- 
tion Branch, had taken the matter up seriously. Previously the 

•Reprinted from Cou»UryXi/«, d^ted 18th May, 1918. 
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subject, without being ignored, had from time to time been agitated, 
but not in a manner that attracted much attention. At any rate, 
no successful attempt had been made to get silos erected on British 
farms. From time to time official articles had been published, 
calling attention, indeed, to the advantages of making ensilage 
and giving instructions how to set about it, but altogether lacking 
in workable proposals for translating academical teaching into the 
general practice of husbandry. But the question was now tackled 
in a more purposeful spirit. An expert was engaged to visit and 
report upon silos in actual operation. Conferences were held to 
compare and estimate the relative advantages of different types, and 
finally standard plans were drawn up and are now made available for 
all who wish to erect silos of their own (Plate II). They will be 
disseminated by a machinery originally produced to deal with war 
agriculture. In other words, the County Executive Committees arc 
called upon to promote the object in view. Plans and specifications 
are to be placed on view in the offices of each Committee, open to 
inspection by all who are interested. Also a little pamphlet has 
been drawn up for distribution. This clear and concise document 
should prove most serviceable. Standing alone on the first page 
is the sketch of a reinforced concrete silo for one hundred tons, and 
on the next a corresponding sketch of the reinforced brick silo for 
holding fifty tons — ^the former suitable for a herd of twenty-five 
cows, and the latter for a herd of twelve cows. Then follow the 
terms of the offer made by the Department, which are five in number, 
and are offers of (1) expert advice ; (2) free supply of full working 
quantities, drawings and specifications ; (3) loan of form and centering 
(moulds) and facilitating use of permit for materials ; (4) estimating 
for complete construction of silos at a fixed price ; and (6) assisting 
with any type of size other than the standard one adopted. 

In considering this very encouraging offer, it would be well, in 
our opinion, to keep two considerations in mind. Whatever argu- 
ments may be advanced in favour of a wooden in preference to a 
concrete or brick silo, do not affect the difficulty of obtaining the 
timber with which to build it. That is a difficulty which apparently 
has decided the Department to say nothing about this type of silo. 



164 


AGRICULTURAL JOURNAL OP INDIA 


[XIV, I. 


Again, a very large number of our correspondents wrote with admira- 
tion of the rough-and-ready stack silo which in many cases has 
been enough to serve the purposes of the holding. Now, a stack 
silo is better than none, and in these times a man often has to 
consider less what he would like than what he has at disposal. 
Therefore it would be wrong to discountenance any method of 
increasing the home-grown and home-preserved food for livestock. 
But the stack silo is very uneconomical for permanent purposes— 
it is attended by a too serious decrease in solids. Two very useful 
sizes have been chosen, one 15 ft. in diameter by 30 ft. in height, 
capacity 6,300 cubic feet, holding about 100 tons of ensilage. The 
other is 24 ft. in diameter by 24 ft. in height, with exactly half the 
capacity of the other. Each type can be built either in reinforced 
brick or reinforced concrete. 

We must not omit some reference to the last page, which is 
filled with a table of advantages of silage, very tersely and clearly 
put, each point being a maxim in a nutshell. The first four refer 
to it being a means of preserving green fodder for the winter, being 
independent of weather, being more certain on heavy clay land than 
root crops, and being cheaper than root growing under unfavourable 
conditions. The next two are directed to the growing of silage 
as a catch crop or a cleaning crop ; the last four relating to the 
economy of labour and time which is secured by the use of the silo. 
They form an excellent set of precepts, well fitted for their purpose, 
which is the dissemination among those who are in any way likely 
to wish to build a silo for their own use. 

We have no doubt that the number of those who wish to do 
so will exceed what is possible this year, owing to the difficulties 
connected with labour and material. Every stock breeder, and 
especially the cattle breeder, will find that under the new system 
of agriculture now inaugurated and not likely to be given up or 
even to be radically changed in our time, the silo will be an indis- 
peittable .adjunct to the farm. 



AN IMPROVED TYPE OP COTTON FOR THE SOUTHERN 
MARATHA COUNTRY, 


BY 

G. L. KOTTUR, 

Cotton Supervisor^ Soulhern Division, Bonnhcuf Presidency, 


Cotton is the most important crop in the black soil tract of 
the Southern Maratha Country, and covers an area of one to one 
and a half million acres in the districts of Dharwar, Belgaum, and 
Bijapur of the Bombay Presidency. The adjoining cotton-growing 
areas in the Madras Presidency and in the Native States of Kolhapur, 
Miraj, Sangli, Hyderabad, and Mysore present similar physical 
features and grow the same variety of cotton. The problems for 
solution in connection with cotton are therefore the same for the 
whole of this tract. 

Except for a comparatively small area under Dharwar- 
American cotton, the whole of this tract grows a variety of Gossy- 
pium herbaceum, knovm in the local vernacular as jowari-haUi. It 
is botanically identical with Broach cotton, but agriculturally it 
differs in many points. It is a late sown cotton producing seedy 
kapas only one-fourth part of which is lint. The latter reaches 
the spinners under the name of Kumpta cotton. It is suited to 
spin 30 * 8 , and therefore ranks high in the list of long-staple desi 
cottons. We have in India few long-staple cottons, and the few 
that we have are in danger of being ousted by short-staple varieties. 
In the Southern Maratha Country, however, conditions are unfavour- 
able to the growth of short-stapled varieties, and the tract is recog- 
nized as essentially a long-staple tract. Many other long-stapled 
cottons, both Indian and exotic, were tried in Dharwar, but 

( 165 ) 
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without producing any sustained success, and the only cotton 
brought from outside the tract that has survived the ordeal is the 
Broach cotton grown from Navasari seed, which has established 
itself in a limited area where conditions are favourable, and is still 
grown to the extent of a few thousand acres. Cross-fertilization 
also was tried, but out of a large number of hybrid cottons produced 
almost all have been finally discarded as unsuitable, and none has 
yet been regarded as suitable for introduction. Selection from 
the local variety was therefore the only method left by which 
improvement might be secured. 

Now what are the characteristics of the local cotton {jowari- 
? It is sown in August-September, and is ready for the 
jfirst picking by February-March. It is a stunted plant with a small 
average outturn of htpas per acre and a low ginning percentage 
(25%). The average outturn of kapas is taken at 320 lb. per acre, 
giving 80 lb. of lint. The staple, though long, is uneven and often 
weak. These defects gave an indication as to the directions in 
which improvement was indicated. 

All hefbaceum cottons produce a number of extra-axillary 
vegetative branches or limbs from the lower portion of the central 
stalk. These limbs take off from the main stalk at an angle of 46° 
and fimction exactly like the main stalk. At each node above the 
limbs, the main stalk bears two kinds of branches — (1) extra- 
axillary or fruiting, and (2) axillary or vegetative. The fruiting 
branch takes off at right angles from the central stalk, and at each 
node it slightly changes its direction of gro wth and produces a pedicel 
bearing a solitary flower. The vegetative branch behaves like the 
limbs, takes off at an angle of 46°, grows straight, and directly bears 
no fruits, but produces secondary fruiting branches. Now a study of 
the local cotton shows that there are two distinct types to be found, 
the erect type and the bushy type (Plate III). The erect type is 
characterized by the meagre development of limbs and vegetative 
branbli^ It grows tall and from each node produces a prominent 
fruiting brtoch. The bushy type, on the contrary, baa from 5 to 10 
limbs, and of its branches it is the vegetative ones that are 
pro minen t and vigorous, while the fruiting branches on the main stalk 
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are mostly suppressed and insignificant. In each case these character- 
istics are hereditary. The economic significance of this differen- 
tiation lies in the fact that it is the fruiting branches on the mnin 
stalk which first bear fruit, next the limbs, and last of all the 
vegetative branches. This difference would be immaterial if the 
environment were equally favourable to the reproductive activity of a 
plant throughout its growing period. But such unifoimity is not 
obtained, for in the months of Febmary and March there is a 
marked tendency for the late flowers to fall off. To secure yield, 
therefore, it is necessary to select the early flowering plants, that 
is to say, the erect tyj)e. Continued field tests have shown the 
superiority in yield of this erect type, and by sustained unit selection 
we have now got a plant which yields 12 per cent, more kapas than 
the local cotton ; a kapas which yields 12 per cent, more lint than 
the local kapas, and lint which is valued at 5 per cent, more than 
the best Kumpta cotton available in the market. 

The following report of Messrs. Forbes, Campbell & Co., of the 
Gokak mills, who kindly made the spiiming test of our cotton, 
testifies its importance in the spinning industry of the future : — 

“ The cotton was considerably superior to any of the Kumpta 
cottons as supplied either direct or by the ryots or which we have 
obtained from the near markets. It is bright, light, clean, long in 
staple and uniform, and of middling strength. From it we spun three 
counts, viz., 20’s, SO’s, 40’s. The yarn ran smoothly and demanded 
very little attention from the work people, and we would no doubt 
have received better results, had we had sufficient cotton to make 
it worth our while to alter our machinery, so that it would be spun 
into yarn imder the best conditions.” 

It is proposed to multiply and distribute seed of this improved 
type, and it is believed that by this means the economic condition 
of the cotton-growers will be materially improved and the spinning 
Value of the Kumpta cotton will be enhanced. 



CO-QPERATIVE SOCIETIES AND MARKETING OF COTTON * 


BY 

Tbi Hon’blb Mb. PURSHOTAMDAS THAKUROAS, M.B.E. 

It is very usual to hear people swearing at cotton merchants on 
the ground that they buy kappas (unginned cotton) from cultivators 
very cheap and generally buy it before it is ripe to be marketed. In 
miy written evidence to the Indian Cotton Committee I said as 
follows on the score of the cultivators’ agency for marketing of kapas 
in the districts and on the score of the system of advances ; — 

“ Kegarding the system of the cultivators’ agency for marketing 
of kapw in the districts, this also varies in various districts. The 
intelligent cultivator of the Surat and Broach districts does not, as 
a rule, employ an agent to seU or market his kapas. If he does not 
or cannot sell his kapas from his residence, he markets it himself 
and sells it off to the highest bidder on that day. He recovers the 
cash for it immediately. On the other hand, the ryot of the United 
Provinces or Khandesh sends his kapas to his aratiya, or commission 
agent, for sale and pays him a commission for the same. These 
aratiyas, wherever they are influential and wealthy, are aratiyas or 
commission agents for buyers also, and this dual capacity of theirs 
exposes them to a considerable temptation^ 

“ System of advances. The system of advances to cultivators 
on their kapas divides itself into two chief parts. 

“ The first is advances against standing crops before the crops 
ate matured and the other is advances against actual hapas when 
marketed. Begarding the first, this system is generally known as 
jodap'VD^ means the ryot estimating the outturn from his field and 
selling the BAme to the sowkar (money-lender) at a rate equivalent 

♦ A paper read at the Co-operative Coafereaoe held at Bombay in April 1918. 

( i«t ) 
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to anything from Rs. 30 to Rs. 100 per candy (784 lb.) of cotton 
lower than the rate prevailing in Bombay. Against this sale the 
sowTear advances him 60 to 100 per cent, of the cost of the hapas so 
bought. The risk of such a buyer is twofold. Firstly, the risk of 
unforeseen ruin of the crop quantitatively, and, secondly, the risk of 
unforeseen damage to the quality of the crop by untimely ram or 
frost. This system was very prevalent twenty years back. The 
Deocan Agriculturists’ Relief Act considerably discouraged this 
practice, but it still prevails to a fair extent. 

“ There is a good deal to be said against this practice of jalaj). 
But in recent years when the prices of cotton may he said to have 
broken records of anything up to the last fifty years, the ryots them- 
selves have shown great anxiety to avail themselves of rates which 
appear to them to be very high. All that could be suggested on 
this score is that co-operative credit societies should undertake 
what the village sowhir does, and should retain the margin for 
themselves in exchange for the risk that jalap operations entail on 
the buyer. As a matter of fact, I have not yet been able to com- 
prehend why the various co-operative credit societies have not 
done so till now in their districts. 

“ The second mode of advances is the ordinary method of 
advances against Jcapas brought to the market, and I am not aware 
of any particular disadvantage to the ryot in this.” 

It will be perceived that as long as the Indian cultivator conti- 
nues to be in a position where he must have money before the crop 
is ripe to be marketed in the normal course, some sort of accommoda- 
tion is necessary for him. It need not be doubted that the aou'kar 
giving him this accommodation makes the best of liis opportunity 
to exact terms compatible with the risk he runs in making advances 
to the cultivator. 1 wish to suggest that people interested in the 
co-operative movement should turn their attention to replacing the 
sowkar or the cotton merchant with co-operative credit societies. 
It is well known that these advances to cultivators have to be made 
in the mouths of July to November when money is fairly easy every- 
where, and it is not likely that co-operative credit societies will find 
any difficulty in securing money. What would be very necessary 
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to have is persons well-versed in cotton business to ensure that the 
co-operative credit societies’ selling of cotton against a cultivator’s 
sale of hapas fetches the highest rate available either in that 
district or in Bombay with smallest risk regarding class, etc., to the 
seller. When this is organized it would mean that the cultivator 
selling his kapas would get that day’s fullest market rate, and he 
would only have to pay interest until his kapas is actually delivered 
to the buyer. So much for improvement that can be effected in the 
cultivators’ more or less necessary method of selling his crop before 
maturing. 

Regarding the first paragraph of the quotation from my evidence 
given above, I think that even when crops are marketed after 
maturing, it is very necessary in some of the cotton-producing 
districts in India to have a co-operative credit society’s agency for 
each day's kapas arrivals in each market. If this be organized with 
the help of reliable men on the staff of such agencies a lot of annoy- 
ance and petty losses to cultivators can be avoided, and looking to 
the increasing acreage under cotton all over India it would appear 
most necessary to organize such selling agencies in some of the 
important districts at least where there arc no proper arrangements 
for independent weighment, etc., of the cultivators’ produce. A 
good deal is being heard this year from well-meaning people not 
intimate with conditions and customs of the cotton trade regarding 
cotton merchants looting the cultivators. I have seen handbills 
asking cultivators ii\ the district not to deliver kapas against their 
comparatively lower rate sales. 

This is not the place to discuss the advisability or otherwise of 
such recommendations to cultivators, but this surely is the time to 
organize some sort of agency to keep cotton cultivators in good 
touch with the course of the cotton market in Bombay and abroad. 



SUGAR AS A COAGULANT FOR HEYEA LATEX* 


BY 

RUDOLPH D. ANSTEAD, M.A., 

Deputy Director of Ayriculture, PlatUiny Districts. 

Eaton and Granthand found that if llevea latex is allowed 
to stand in tall cylinders without the addition of any coagulant a 
slimy alkaline surface scum is formed, whilst the lower layers become 
acid and coagulation occurs in them. The surface changes are 
putrefactive in character and are brought about by organisms 
which am favoured by aerobic conditions. 

The changes in the deeper parts of the liquid were considered 
by the authors to be due to activity of aerobic organisms. Both 
classes of bacteria were supposed to infect the latex after collection 
from the trees. 

Whitby and Campbell showed that coagulation is not due to 
bacteria but to an eirzyme, but that the putrefactive changes are 
due to bacteria, which by producing an alkaline medium, may 
destroy the enz3mie and arrest coagulation in favour of putrefaction. 
BarrowclifE* brought forward a large amount of evidence to support 
this theory of coagulation and show that it was due to a specific 
enzyme. 

In order to eliminate to some extent the predominance of the 
putrefactive changes and encourage the non-putrefactive ones, 
cane sugar and glucose were added to latex, and it was found that 
with each of these complete coagulation was obtained and 

* Bepiinted from tho Planters^ Chronicle, dated 10th August, 1010. 

' Eaton and Grantham. Agri. BuU., F, M, S., IV, 2 (1915). India Rubber Journal, 
U, 10, p. 8«0. 

* Barrowolifi* Jour. Soo. Ohomkal JnduHrg, XXXVU, 3, p. 18T. 
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putrefactive changes were inhibited. With pure crystalline dextrose 
it was found that as small a quantity as 0‘2 per cent, calculated on the 
latex, was sufficient to bring about complete coagulation within 
18 hours, and this coagulation took place most readily in closed 
vessels filled with latex so as to exclude the presence of air. The 
dextrose was completely decomposed and the coagulum was full 
of bubbles of carbon dioxide. Similar results were obtained with 
cane sugar, lactose, arabinose, mannose, and Isbvulose. 

Subsequent experiments showed that if the temperature was 
kept low, below 40° to 60°F., coagulation was inhibited, but if the 
temperature was allowed to rise to 84°F. coagulation became 
complete. 

At a time when there was a shortage of atsetic acid it was 
suggested in the F. M. S. that cane sugar might be used as a sub- 
stitute. A number of experiments were carried out in Java and 
the result of trials made at the Central Rubber Station for testing 
was that the difference between rubber coagulated by acetic acid and 
that coagulated by sugar were insignificant.^ Tensile strength, 
slope and viscosity are nearly always the same, but in the rate of 
cure a small difference is generally found, the sugar coagulated 
rubber curing slower or quicker as the case may be.* 

This means that with a nmning sale contract the change from 
acetic acid to sugar would nearly always mean a change in the rubber 
delivered which, unless warning was given, must be considered 
imdesirable. 

On this point Dr. 0. de Vries® issues a word of warning, 
namely, not to change the coagulant before being ajnvinced that 
it will not change the quality of the product. He points out that 
a new coagulant may often influence the rate of cure and so inflict 
serious losses on manufacturers and again awake their former distrust 
of plantation rubber. Manufacturers are now accustomed to 
certain characteristics in plantation rubber and have arranged 

1 Gdiior aid Swart “ Medodoelingen Kubber proefstation Woat Java, 0.” Agri. ^uU,, 
F.M. iSr.,V(m6), p.48. 

* Monthly Bulletin vf Agri. ItHdUyence, Rome, VllJ, lU (1017), p. 1421. 

® India Bubbtr Journal^ Lll, 21, p. 744. 
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their trestmeixt accordingly. A change in these characteristics 
without warning would be the cause of great trouble to them, A 
conservative policy is therefore advised by de Vries, who thinks that 
no change should be made l)efore the peculiarities of the new coagu- 
lant have been thoroughly investigated. Every planter’s ideal 
should be to sell his rubber under his own trade mark, by preferenoe 
to one and the same buyer. This would be the surest way to fetch 
the highest prices and to obtain the best market. It will be obvious 
that such a customer would not be at aU pleased at recei\'ing 
unexpectedly a lot of rubber of different quality. 

In general, however, and for the open market, the small differ- 
ence in rate of cure can form no objection to sugar coagulated rubber. 
The difference is well within the limits which are generally fomrd 
for ordinary first latex crepe. In three series of experiments the 
uniformity from day to day was not less with sugar coagulation 
than with the ordinary acetic acid coagulation. 

The advantages and disadvantages of sugar as a coagulant 
may be summed up as follows : — 

The great advantage is the cheapness of the material as compared 
with acetic acid, especially at the present time, while moreover 
it is always available in the country and does not depend upon 
shipping facilities. The quantity required is very small, O’l to 0’2 
per cent, of sugar calculated on the latex, or one part of sugar to 
500 parts of latex. 

The disadvantages are first of all that it produces a product 
which differs slightly in rate of cure from acetic acid coagulated 
rubber, necessitating in the case of contracts a warning of the change 
to the buyers. 

Another objection is that the coagulumis apt to be full of gas 
bubbles due to the evolution of carbon dioxide during the coagulation 
process, and sheet rubber suffering from this defect is looked on with 
disfavour in the market although the actual quality of the rubber is 
not affected by the presence of the bubbles. If crepe is being made, 
the bubbles of course do not matter, but sheet is chiefly made now. 

Probably any drastic change in methods of coagulation likely 
to be adopted in the near future will tend towards what is known 
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as the M. C. T. process in which no coagulant is used at all, and by 
means of which a standard rubber can be made whatever the source 
of the latex.* 

This process is based on the fact that in dosed vesads latex 
coagulates completely without the addition of any coagulant and 
without putrefactive changes taking place. As carried out in 
practice, large cement tanks, provided with heavy water sealed lids, 
are \i8ed. Into these the bulked latex is poured, leaving the smallest 
possible air space above it. To each 100 gallons of latex, a quantity 
of calcium acetate equivalent to 4 oz. of calcium may be added if 
desired to accelerate the process. The covers are placed in position 
and sealed, and the whole is left undisturbed for three days when 
coagulation is complete. The resulting coagulum is converted 
into crepe in the usual way. 

For the manufacture of sheet, iron pressure vessels are used, 
divided into partitions with aluminium sheets, and the coagulation 
takes place under a pressure of one or two atmospheres, which 
keeps the carbon dioxide evolved in the process in solution, and 
the resultiiig coagulmn is free from bubbles and can be made into 
sheet. 


' Barroweliff. Jour. Soc. Chemical Industry, XXXVII, 6, p. 95T. 



|l«ies. 


SELECTED CAWNPORE-AMERICAN COTTONS AND THEIR 
COMMERCIAL VALUATIONS. 

In a previous number of this Journal^ it was stated tliat, while 
Cawnpore-American cotton, as it then existed as a field crop, yielded 
well under irrigation and produced a cotton which found a ready 
market, there existed a considerable margin for inrprovement by 
selection in regard to yield, ginning percentage and uniformity of 
staple. The isolation of pure races was therefore taken up in 1912 . 
Progress reports on this work have been given in the annual report-s 
of the Cawnpore Experiment Station, and the detailed results are 
being published separately. As, however a certain measure of 
success has been attained it may be of interest to summarize the 
main features here. 

In 1912 a number of different types of Cawnpore-American 
cotton were selected from the field crop, selfed seed obtained (cross 
fertilization being prevented by covering the plants with mosquito 
nets), and the resulting progeny studied through several generations 
— ^with the necessary precautions to prevent crossing. In this way 
a number of races were obtained differing comiderably in agri- 
cultural characters, in ginning percentage, and in lint. A large 
number of these races were discarded in the course of this work on 
account of unsatisfactory lint, low ginning percentage, excessive 
length of vegetative period, imperfectly hairy leaf (and consequent 
susceptibility to attack by aphis with the subsequent “ red leaf ” 
damage) or unsuitable habit. By 1916 a series of likely reices had been 
obtained which were then tested for jield and ginning percentage on 
a fi,eld scale and for which, through the courtesy of Messrs. Tata & 
Sons, we were able to obtain conunercial valuations of the cotton 
which were of the greatest value in deciding what types to retain, 

' The AgrieuUuml Journal of IndiOp vnl. VIII, pt. IV, 1913. 
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Through the kindness of Mr. Hodgkinson of the Indian Ootton 
Committee, arrangements were made for the valuing of several of 
these cottons, from the 1917 crop, in England, and the report of the 
expert brokers to the British Cotton Growing Association is. as 
follows : — 

Per lb. 

“ Oa 1 22 00 r/. Ooofl colotir, about good middling in grade, staple 
1 to Rather mixed. 

“ Ca 6 21'50d. Rather dull, barely good middling, 5*^ to 1" staple. 

“ Ca 7 24'50 d. Good middling, strong and silky, staple 1^.* 

“Ca9 24-50 d. Good „ strong and silky, staple 11.* 

“ Ca 11 21-50 d. Good ,, good colour, 1" to 1 staple. 

“ Ca 18 24-50 d. Good „ good colour, 1^* staple. 

“ Ca 26 23 00 d. Good „ good colour, 1 ^* staple. 

“ All based on July American futures 22 00 d. per lb. 

“ Good middling American 21-56 d. „ ,, 

“ The Ca 7, 9 and 18 are very good and are cottons which could 
be used extensively in Lancashire, and if India could produce any 
quantity, there should be an excellent demand. Of course you 
will imderstand that prices are abnormal and that it would not 
always be possible to obtain a basis of 260 points on for such cotton. 
Probably 70 to 100 points on would be nearer the mark. No. Ca 26 
is also a good cotton, and could be used, but not to the same extent 
as the others. These qualities are, of course, a great improvement 
on the samples of Pun jab- American 4 F.” 

As regards the order of merit of the various cottons, this report 
entirely bears out Messrs. Tata & Sons’ valuations. 

The British Cotton Growing Association’s report on the unselected 
Cawnpore-American of the 1912 crop, which is reproduced here 
for C/onvenience, stated as follows: — 

“ 302 Cawnpore (American). Equal to about low middling 
in grade, rather dull, staple Ij", silky, strong but irregular.” 

Not only are the races Ca 7, 9 and 18 superior to the original 
in grade, which might be due to better handli ng and ginning , but 
the staple has been maintained and the irregul{u:ity complained of 
removed. 

It may be explained that the other races, though known to be 
somewhat inferior to the others in staple, were all retained for 
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special xeasons until further field trials had been made. No. 11 is 
an exceedingly early flowering type, Ca 5 is a very prolific yielder 
and has a high ginning percentage, whilst Ca 1 is of a larger habit 
than the others and has yielded exceptionally well in certain years. 

The accurate comparison of a series of cottons for yield is 
necessarily a matter of some years, especially with seasons so variable 
as are experienced in Cawnpore. The monsoons of 1915-17 were 
entirely abnormal, rainfall being excessive and cotton yields over 
the greater part of the province unsatisfactory. Not only did this 
hamper work by reducing the amount of seed available for the 
succeeding years’ work but the results themselves require confir- 
mation in more favourable years. It caix, however, be stated that 
Ca7 and Ca9 (and Ca5, Call) have given yields well above the 
average in unfavourable years. Ca 18 may possibly prove unsuitable 
for Cawnpore owing to its longer vegetative }ieriod and late maturing. 

In ginning percentage Ca 7 (33 per cent.), Ca 9 (33 per cent.), 
Ca6 (34-36 per cent.), and Call (33 per cent.) are superior to 
the original field crop (30-31 per cent.). 

It has been proved that given an adequate irrigation supply 
for timely sowing and adequate marketing arrangements Cawnpore- 
American cotton can be profitably grown around Cawnpt)re. Among 
the above-mentioned pure races we have apparently cottons suited 
to Lancashire requirements. Incidentally, we have generally been 
able to obtain adequate prices for Cawixpore-Arnerican cotton from 
Cawnpore mills. — [B. C. Burt.] 

# 

# 

NOTE ON PROTECTINQ COTTON FLOWERS FROM 
NATURAL CROSSING. 

J^ATURAL crossing takes place in all cottons to a greater or less 
extent, and its seriousness has been demonstrated and admitted in 
all countries. The Indian varieties cross freely with each other, 
and when these are grown together in breeding plots or in compara- 
tive trials, care is necessary to maintain them pine. For the same 
reasons all promising strains evolVed from single plants must be 
protected. In fact the danger from natural crossing is sp great that 
every seed allowed to ripen in the usual manner is of doubtful origin. 



178 AGRICULTURAL JOURNAL OF INDIA [XIV, I. 

Natural crossing can be prevented by growing the cottons in 
bee-proof cages. It may not be, liowever, possible to provide such 
cages, and, moreover, they are uimecessary in many cases when only 
a small quantity of the pure seed is needed. Single plants can be 
protected by netting ; but the netted plants attract the jackals 
and are damaged by them. They also suffer seriously from the 
attack of aphis. Under these circumstances, it has been found very 
convenient to protect a few flowers on every plant required pure 
for propagation. 

The usual method of protecting the flowers is to cover them 
by means of small paper bags. Bagging presents certain difficulties. 
The paper used should lie strong enough to bear the beating of the 
surrounding branches, especially when the wind is blowing hard. 
The tying also should be done carefully, otherwise the bag goes off 
the flower. The expense and trouble in making the bags and putting 
them on to the flowers is also considerable. Taking these things 
into consideration, another method was tried by the writer last 
year and was found to be very eft'ective. Rings made of thin wire 
were employed in place of paper bags. These were put on the fully 
developed buds before they commenced opening. The form of the 
flower being a cone, there was no difficulty in pulhing the rings tight, 
and these prevented altogether the opening of the petals. Further 
the stalk of the protected flower was marked by a piece of cotton 
thread attached to the ring. The following figures illustrate the 
method : — 
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The method is easy, simple and inexpensive. It 
therefore claims general application on all farms where the 
necessity of maintaining the varieties pure is felt. — [G. L. 
Kottuk.] 


In the Kohat District of the North-West Frontier Province, 
there grows wild the dwarf-palm (Nannorhops Ritchleans) known 
locally as muzri. In one tahsil alone the area occupied is estimated 
at about 100 square miles, and the total annual production of leaves 
at about 500,000 maunds or about 8 maunds per acre. Like the 
coconut palm of the AV est Coast, mazn plays an important part in 
the economic life of the people of the district, for no portion of it 
goes without use. Its leaves produce an excellent fibre for prepara- 
tion of sandals, cordage ropes, floor and roof matting, baskets for 
household use, punkhas, skullcaps, brooms, etc. ; its dry leaves are 
used for lighting fires and its fruit is eaten. There is also a consider- 
able demand for mazri articles in other parts of the Frontier Province 
and in the Punjab, and in addition to the local production valued 
at about five lakhs of rupees, mazri articles of the aggregate value 
of Rs. 1,22,203 were imported during 1915-16 from the Kurrarri 
Valley, Tirah, and Kabul. As stated above, mazri in the Kohat 
District grows wild and is not cultivated, and the manufacture of 
fibre articles is carried on in a more or less haphazard manner. In 
view of the considerable indu.strial possibilities of the palm, Babu 
Ram Sarup Dutt, of Kohat, submitted a paper to the Indian Indus- 
tria,l Commission, giving a history of the present condition of the 
trade in mazri and embodying suggestions for its commercial 
exploitation on a wider basis. He has supplied us with a copy of 
his paper, and we notice that he suggests the utilization of mazri 
leaves as a substitute for other costly fibres, for manufacture of 
paper, pasteboard and brushware, and for articles of household 
use such as chairs, suit cases, hat boxes, meat safes, ti£Bn baskets, 
door mats, etc. His suggestions ai© based on the fact that similar 
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varieties of dwarf-palm are put to these uses in other countries, but 
he acknowledges that much investigation is necessary. Considering 
the backward condition of the province, Babu Bam Sarup suggests 
that Government should pioneer the industry, and if the experimental 
factory is found a commercial success, it may be made over 
to a private body under proper Government control. He 
believes that there would be no dearth of labour, for the discharged 
sepoys of the Kohat District will be available in numbers. What 
interests us specially is the writer’s suggestion that experiments 
may be made as to whether mazri can be cultivated as a field crop 
and that attempts may be made to extend its area. This will 
naturally follow if the claims made on the industrial side are 
justified by results, for as Babu Ram Sarup himself says, “ once 
the zemindar comes to realize that the plant is coming to be counted 
as a plant of great commercial value, he will leave nothing undone 
to promote its growth.” If it is to remain a cottage industry, the 
sovereign remedy for all its ills lies in Co-operation, to which the 
energies of the public-spirited people of the district might be 
usefully directed. — [Editor.] 


* 

* * 

BY-PRODUCTS OF SUGAR MILLS IN FORMOSA. 

Sugar factories in Jormosa generally work for six months 
in the year, from the middle or end of November to May, 
though in years of good crop work may extend for seven or 
eight months, from early in November to the end of May 
or June. For the rest of the year no work is done other t.ha-Ti 
repairs. 

According to information supplied by H. M. Commercial 
Attachd at Yokohama, the molasses produced is manufactured into 
alcohol and “ Tomitsushu,” the latter appearing to be a liquor 
somewhat «4pnilw to rum, and which is used by Formosans. There 
seems to be but little molasses wasted, though a considerable quantity 
has been_^exported to China and Japan or sold loefdly. 
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The following table gives the quantity of molasses, alcohol 
and “rum” (Tomitsushu) in recent years:— 



1 

Output of 
molasses 

Quantity used 
for aloohol 

Quantity usrd 
for “ rum” 

Total 

Year 

*Kin 

Kin 

Kin 

Kin 

1912-13 

59,325,018 

! 2(),r)73,360 

;42, 810,8 10 

53,381,170 

1913-U 

42, 951,244 

12,619,247 

19,418,488 

32,037,735 

19U-15 

37.2:44,126 

2-2.631.125 

17,852,461 

40.483,576 

191616 

77.612,097 

61,326,048 

17.981.514 

81,309,598 

191617 

140,478,843 

99,461,425 

21,546,532 

121.007,957 


•Kill- 1-323 lb. av. 


The above figures are supplied by the Bureau of Productive 
Industries, but it is evident from the totals that considerable quan- 
tities of molasses must at times be carried forward to the next year. 

There are no special Government regulations controlling or 
restricting the fermentation of molasses, other than the general 
law governing the manufacture of sake. The alcohol and “ rum ” 
produced are liable to taxation. 

No molasses is thrown away. Occasionally when there is a 
shortage of fuel, molasses may be poured over crushed cane, which 
is then used as fuel. 

At times molasses has been used for cattle food. So far, 
however, there has been no excess really available as a regular 
cattle food. 

A certain quantity of molasses is exported to Japan and China, 
to the former by the sugar mills, and to the latter by Formosans. 

The quantity of such export in recent years has been as 
follows : — ■ > 



Export to 
Japan 

Export to 
China, etc. 

Total 

Year 

1912-13 

1619-14 ... 

1914.16 ... 

1916-16 ... 

1916-17 ... 

Kin 

4,443,153 

2,659,776 

mm 

65,290 

1.6SU 

Kin 

643,931 

247,687 

1,063,429 

1 

11,196,468 

Kin 

5,287,084 

2,807,463 

1.486,789 

6.359,385 

11,798,318 
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The manufacture of alcohol and “ rum ” is not regarded as a 
by-production of the mills. The business is conducted separately 
though it is not stated whether separate amounts of capital are 
allotted to the molasses business. The percentage of production 
of molasses has been stated to be 27 kin to 100 kin of sugar, and 
the prices of molasses have fluctuated between 3‘30 yen* per kin and 
0‘40 yen per kin with an average of 0‘60 yen to 0*70 yen per kin. — 
[T/te Boa/rd of Trade Journal, dated July 11, 1918.] 

**♦ 

HOME SUPPLIES OF POTASH. 

It seems quite probable that the United Kingdom, after the 
war if not earlier, will be in a position to supply itself with ^potash, 
and so become totally independent of Clerman and other sources 
from which we drew to a very considerable extent in pre-war days. 
Of course we have no natural potash deposits such as those which 
exist at Stassfurt in Saxony, and are sufiicient to supply the needs 
of the whole world, but potash is present in many things, and not 
least in blast furnace dust. As the result of experiments in North 
Lincolnshire it has been found possible by the addition of a small 
quantity of common salt to the furnace burden to extract potash 
in considerable bulk at practically little more than the cost of the 
salt. With the financial support of the Government a factory has 
been built and equipped at Oldbury, near Birmingham, capable 
of an output of 400 to 500 tons of potassium chloride per week, 
and it is part of the scheme, according to the Board of Trade Journal, 
to erect also a conversion factory, where the chloride not needed 
for agricultural purposes may be converted into refined potash 
salts. Other factories in the neighbourhood of blast furnaces in 
Cleveland and elsewhere are reported to be in contcmpldtion. It 
is estimated that 60,000 tons per annum could be made available 
at an economical cost. Great Britain requires now about 30,000 
tons of potash fertilizer, besides smaller quantities for the glass, 
soap, dye, match, and other industries annually. Before the war 
we imported potash compounds to the value of one and a third 


♦ Yen 26 . at par. 
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million pounds (£1,380, 667 in 1913), of which 66 per cent, was 
derived from Germany and the remainder from France, Russia, 
British India, Belgimn, etc. The cessation of imports from Germany 
created a serious position for England, but the difficulty has been 
overcome by importing enormously increased quantities of nitrate 
of potash (saltpetre) from India, and Various compounds from 
elsewhere. The need even for this is now disappearing to some 
extent, as a result of the development of home production. Gennany 
placed great reliance upon her State-managed potfish business, the 
sales of which in 1913 had a Value of over ten millions sterling, and 
by reason of this had also a practical monopoly of optical glass 
manufacture . — [The Economist, dated September 21, 1918.] 

♦ ♦ 

THE PRODUCTION AND VALUE OF ARTIFICIAL RUBBER. 

It is reported from Germany that the well-known chemical 
and dye firm, Farbenfabriken vormals Friedrich Bayer and Co., 
in Laverkusen, has considerably extended its works for the purpose 
of manufacturing artificial rubber. The history of the German 
effort to produce this substitute dates l)efore the war. The early 
attempts had perforce to be given up when the price of natural 
rubber fell from 30 to 4 marks per kg. After the outbreak of war, 
when the rubber shortage in Germany became acute, it was impossible 
to continue the pre-war output of artificial rubber, since the neces- 
sary plant had long since been scrapped and the requisite raw 
materials, acetone and aluminium, were not to be had. Before 
long, however, both these commodities began to be produced in 
increasing quantities. Coal and carbide yielded acetone, and the 
production of aluminium was undertaken on a large scale, with 
the financial assistance of the State, especially by the Griessheim- 
Elektron concern, which in conjunction with the Metallgesellschaft 
set up three buildings for the purpose. After these prehminaries 
the manufacture of artificial rubber could be I’esimied. Hard 
rubber was comparatively easy to produce, but the production of 
soft rubber presented much difficulty* The news that additional 
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artificial rubber factories have been opened, however, makes it 
appear probable that there has been progress in this field. The 
great question is, can artificial rubber compete with natural rubber ? 
The answer varies with the use to which the substitute is put. 
Quite generally, however, according to Vortcdris, a doubt may be 
expressed as to whether synthetic rubber can stand the test, espe- 
cially in view of the present selling prices, which are many times 
greater than the prevailing prices on the London rubber market. — 
[The Board of Trade Journal, dated September 26, 1918.] 

♦ 

The second annual sale of surplus stock from the pedigree 
Mon^omeryand Ayrshire-Montgomery herds was held at Pusa on Mon- 
day, the 9th December, 1918, when 34 head fetched Rs. 6,705 
under the hammer, an average of Rs. 167 per head all through. 


Montgomery bulls . . 

• • 

Average price. 

Rs. 

.. 203 

Montgomery bull-calves 

• • 

.. 132 

Montgomery heifers 

• • 

.. 140 

Montgomery cows . . 

• • 

.. 164 

Montgomery-Ayrshire bull-calves 

.. 234 


The bidding was Very keen and there was specially a keen 
demand for cross-bred buU-calves as the figures show. The next 
sale will probably be held in March 1919.— {Wynne Sayer.] 



PERSONAL NOTES, APPOINTMENTS AND TRANSFERS, 
MEETINGS AND CONFERENCES, ETC. 

Sir Edward Maclaoan, K.C.S.T., K.C.I.E., I.C.S., some 
time Officiating Member in charge of the Revenue and 
Agriculture Department of the Government of India, has been 
appointed Lieutenant-Governor of the Punjab, vice Sir Michael 
O’Dwyer, G.C.T.E, We offer him our .sincere ct)ngratulatioi)s. 

He ^ 

We offer our hearty congratulations to Major (Temporary 
Lieutenant-Colonel) F. S. II. Baldrey, F.R.C.V.S., formerly of the 
Indian Civil Veterinary Department, who has been admitted a 
Companion of the Most Distinguished Order of St. Michael and 

St. George for services rendered in connection with the war. 

* 

♦ ♦ 

Major (Hokorary Lieutenant-Colonel) John Walter 
Leather, V.D., has been permitted, on resignation of his conmiission 

in the United Provinces Horse, to retain his honorary rank. 

# 

• # 

His Majesty the King-Emperor has graciously granted to 
Mr. Ernest Shearer, formerly of the Indian Agricultural Service, 
and at present of the Egyptian Ministry of Agriculture, authority 
to wear the decoration of the Order of the Nile (Third Class) gi'anted 

to him by the Sultan of Egypt in recognition of valuable services. 

# 

* * 

His Excellency General Sir Charles Monro, in his 
despatch dated 20th August, 1918, on the work done in India 
during the first three years of the war, mentions the names of 
the following, among others, for particularly valuable services 
tendered by them - 

lieutenant-Colonel 6. H. Evans, C*LE«, AD.C., Indian 

Defence Fbrce ; 

( 185 ) 
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Lieutenant-Colonel H. T. Pease, C.I.E., V.D., Indian 
Defence Force ; and 

Lieutenant-Colonel G. K. Walker, C.I.E., P.R.C.V.S., 
Indian Defence Force. 

* 

* * 

Captain (Temporary) G. C. Sherrard has been mentioned by 
Lieutenant-General W. li. Marshall, Commanding-in-Chief, Meso- 
potamia Expeditionary Force, in his despatch dated 15th April, 
1918, for distinguished and gallant services and devotion to duty. 

* 

* * 

Mr. a. Howard, C.LB., Imperial Economic Botanist, and 
Mrs. G. L. C. Howard, M.A., Second Imperial Economic Botanist, 
were on privilege leave for six weeks from 21st October, 1918, 

i|i 

* 

Dr. Harold H. Mann, Principal of the Agricultm’al College, 
Poona, has been appointed to act as Director of Agriculture, 
Bombay Presidency, vice the Hon’ble Mr. G. F. Keatinge, I.C.S., 
(on deputation), pending further orders. 

Mr. J. B. Knight, M.Sc., Professor of Agriculture, Agricultural 
College, Poona, acts as Principal, vice Dr. Harold H. Mann, pend- 
ing further orders. 

* 

* « 

The designation of Mr. H. M. Chibber, M.A., Second Economic 
Botanist, Bombay, has been changed to “ Plant Breeding Expert 
to the Govermnent of Bombay.” 

♦ ♦ 

Mr. P. C. Patil, L.Ag., Acting Deputy Director of Agriculture, 
Northern Division, Bombay, has been granted privilege leave for 
three months. Mr. B. M. Desai, Assistant Professor of Dairying, 
Agricultural College, Poona, has been appointed to act during 
Mr. Patil’s absence. 

« 

* * 

IlAi Bahadur K. Ranga Achariyar, M.A., Lecturing and 
Systematic Botanist, Agricultural College, Coimbatore, and Mr. J.. 
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Chelvaranga Razu, Acting Deputy Director of Agriculture, IV 
Circle, Madras, have been admitted into the Indian Agricultural 
Service with effect from 6th June, 1918, and 29th May, 1918, 
respectively. 

♦ ♦ 

The services of Mr. Daulat Ram Sethi, M.A., B.Sc., Deputy 
Director of Agriculture, Orissa Circle, have been placed at the 
disposal of the Durbar of the Kapurthala State in the Punjab for 
three years. 

Mr. S. K. Basil, M.A., Assistant Professor of Mycology, Sabour 
College, has been appointed to act as Deputy Director of 
Agriculture, Orissa Circle, during the absence, on deputation, of 
Mr. Sethi, or until further orders. 

*** 

Mr. W. Youngman, B.Sc., has been admitted to the Indian 
Agricultural Service and appointed iVssistant Economic Botanist 
in the United Proviirces. 

* 

* * 

Mr. E. a. a. Joseph, B.A,, I.C.S., Director of Agriculture, 
Punjab, has been appointed to officiate as Revenue Secretary to the 
Govermnent, Punjab, and Mr. S. M. Jacob, I.C.S., officiates as 
Director in Mr. Joseph’s absence. 

* 

* * 

Mr. F. J. Warth, M.Sc., Agricultural Chemist, Burma, who was 
posted to duty with the Mandalay Battalion, Burma Military 
Police, has reverted to the Agiicultural Department. 

Mr. C. P. Mayadas, M.A., B.Sc., Assistant Director of Agiicul- 
ture. Western Circle, Central Provinces, has been transferred in the 
same capacity to the Northern Circle. 

The Government of India have approved of the recommenda- 
tion made by the Board of Agriculture in India in December 1917 
that sectional meetings of the Board should be held in years in 
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which there is no full meetiug of the Board, and the following 
sectional meetings have been arranged for this year : — 


Section 

Place of 
meetmg 

Date 

Entomological Section .. ^ 

Myoologioal Section 

Ghemioal Section 

Veterinary Section .. .. ] 

Fusa 

Pusa 
i Pusa 

1 Lahore 

3rd February, 1918, and foUoUFing days. 
20th February, 1918, and following days. 
24th February, 1918, and following days. 
24th March, 1918, and following <&ys. 



IRtvieivs. 


A Sumy and Census of the Cattle of Assam —By J. R. Blackwood 
LL.B., I.C.S., Director of Agriculture, Bengal. Calcutta : The 
Bengal Secretariat Book DepAt, 1916. Price Rs. 3-11 or 
5s, 6d. 

At the suggestion of the Government of India that a report 
on the survey and census of cattle in each province shcuild he 
prepared on the lines somewhat similar to the Punjab report on 
the subject issued in 1910, the late Eastern Bengal and Assam 
Government selected Mr. Blackwood for this duty in Novem- 
ber 1911. After the redistribution of the provinces he was 
instructed to prepare separate reports for Bengal and Assam. 
A review of the report for the former province has already 
appeared in the Journal (vol. XII, pt. IV). It is the report of the 
latter province that forms the subject of this review. 

According to the census, the number of cattle in Assam is 
4,840,348, of which, approximately, one-tenth are buffaloes. The 
proportion is roughly 7 head of cattle to every 10 inhabitants. This 
is considerably higher than the proportion in Bengal. Within the 
province itself the ratio in various districts differs greatly. In the 
Surma Valley which is comparatively thickly populated and where a 
great part of the land is submerged deeply for several months in the 
year so that cattle have to be stall-fed, 1,808,287 cattle have been 
enumerated, roughly, 1 to every 3 human beings. In the Assam Valley, 
where there are many unoccupied areas and unlimited grazing, over 
three millions of cattle of all sorts (3,032,061) have been found, a 
number not far short ci the whole human population of the tract. 

( 189 ‘ ) 
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The breeds of cattle in Assam can be conveniently divided into 
three classes ; — 

(1) Wild cattle. 

(2) Hill cattle. 

(3) Cattle of the plains. 

The wild buffalo is found throughout the swampy Terai of Assam. 
Among hill cattle, those* in Manipur are generally superior to the 
ordinary village cattle of the plains. In the Naga Hills people do 
not use their cattle for ploughing or carting ; they never milk the 
cows but use cattle solely for food. In the Jaintia Hills a very good 
class of animal is found. The Garos also do not drink milk, nor do 
they breed cattle themselves. They generally buy bull-calves from 
the Nepali hastis in the district or in the plains, fatten them and then 
either kill or sell them. 

The poor quality of the cattle in the plains is well known, and 
is largely due to climatic conditions combined to a great extent 
with the usual ignorance and apathy peculiar to indigenous cattle 
breeding, coupled with neglect, starvation, inbreeding and the usual 
anti-castration attitude. 

In many parts during the rains the cattle stand continuously 
in mud and water and are fed on paddy straw. This state of affairs 
does not suit cattle, though it is all right for buffaloes. As a matter 
of fact the poor quality ot the Assam cattle is in marked contrast 
to the fine quality of the Assam buffalo. The average milk yield 
of an Assam cow is less than that of a Bengal cow, being under a 
seer per day. The best of the local bullocks are considered by the 
cultivators good enough for the plough, but for heavy cart work 
fairly big strong animals are required and they are usually imported 
from Bihar districts. Improvement in the milking capacity of the 
cow, and better draught power in the case of bullocks are therefore 
required. It is possible to bring this about by crossiiig with suitable 
breeds. 

In 1902 an experiment was started on the Upper Shillong farm 
of mMuniig and Bhutia cows with a bull of the Taylor (Patna) 


* Partionlarly the bnllooku, whieh are good draught nnimala. 
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breed. The female offspring of the cross showed much better milk 
results. Whereas a pure Khasi cow, it is said, will give oidy two 
seers of milk per day, the cross-bred animal gives as much as 
seven or eight seers per day. A pure Bhutia cow is reported to 
give only four seers of milk per day, while the cross-bred gives six 
seers. 

Pure bred Patna bulls are given out by the Department in the 
mofussil, but the chief difficulty is to get the people to feed the 
bulls properly after they are sent out. 

The Government of Bengal have established a cattle-breeding 
farm at Rangpur (which is on the borders of Assam) whore experi- 
ments have been imdertaken to determine whether the improvement 
of the local breeds is to be by rigid selection of indigenous cattle 
or crossing with exotic breeds, such as Montgomery, and as the 
problems in Assam are somewhat analogous to those in Bengal, 
a recent Resolution of the Local Administration states that it is 
proposed to wait and sec the issue of the ex})eriment there before 
going in for any scheme of large cattle-breeding farms. In the 
meantime animals from the Rangpur farm will be obtained by the 
Department for emplo 3 rment as sires in the province. 

The practice of growing fodder crops for cattle is practically 
non-existent at present in Assam. This is mainly due to the fact 
that, with the exception of a few thickly populated districts where 
all the land not taken up for rice is flooded, Assam is better off for 
grazing than many other provinces. In the more densely populated 
portions of the province, however, the provision of grazing for 
cattle already presents a serious problem, and the difficulty is 
growing year by year. Accordingly steps have been taken by the 
Local Administration to set apart lands for grazing and protect 
them from encroachment. These grazing reserves are of four main 
classes : — 

(1) Village grazing grounds in which agriculturists' cattle 

graze free of charge ; 

(2) grazing grounds in more remote localities, where profes- 

sional graziers may keep'large herds, paying the pres- 
cribed fees ; 
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(3) grazing grounds in the vicinity of small towns, where 

cattle kept for the supply of milk to the towns pay a 
reduced scale of fees ; and 

(4) village forests in which grazing may be allowed in accord^ 

ance with the rules for the management of the forest. 

The quality of the cattle found in any tract does not depend 
merely on the abundance or otherwise of grazing, but on climate 
and several other equally important factors, and it is clear that 
ultimately the ryot in Assam will have to take to growing fodder crops. 
Most parts of Assam are too wet for jowar (A. Sorghum), and until a 
suitable substitute is found or means devised of storing grass in the 
form of hay or ensilage, the cattle wiU have to depend very largely 
on pasture. In the opinion of the local authorities sufficient areas, 
therefore, must, wherever possible, be kept as grazing grounds. 
Up to now over 130,000 acres have been reserved for the purpose 
in the Assam Valley, and over 20,000 acres in the Surma Valley. 
This win not go far towards the support of some four million 
head of cattle, but in the more populated parts where such grounds 
are needed, it is already difficult to get suitable land. 

With the growing demand for milk and other dairy products 
and the consequent rise in their prices, the benefits of selective 
breeding and proper feeding of cattle, the necessity of introducing 
suitable fodder crops, and of devising means for preserving grass and 
other fodder, should be impressed on the people. It is hoped that 
the Agricultural, Veterinary, and Co-operative Departments, working 
together, will be able to effect a marked improvement on the present 
state of things. 

*** 

Bulletin of the Imperial Institute, London, January-March 1918.-*- 

This issue contains a very important article of 40 pages on 
“ The Material Resources of Burma ” by Sir Harvey Adaiuson, 
K.C.S.I., lately Lieutenant-Governor of Burma. With a fertile soil, 
a rainfall that has never been known to fail, abundant fisheries, 
magrq^eent forests, and rich but hitherto almost uner^lored mineral 
wealth, Burm^ might be expected to offer a promising field for 
ccunmercial enterprise. Yet, with the exception of rice, teak, and 
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mineral oil, its products have not to a great extent attracted British 
capital. The chief reasons for this failure are dearness of labour 
and deficiency in means of transport. With an area three times as 
large as Bengal, Bunna has only about a fourth of the population of 
that province ; consequently the wages of labour are twnce as higli 
as in India itself. . The population of Burma is rapidly e.xpanding 
both by natural increase and immigration. It would expand still 
faster, says Sir Harvey Adamson, if the second great deterrent to 
the influx of capital were removed, and Burma were equipped with 
adequate railways and roads. To serve an area nearly twice the 
size of the United Kingdom, Burma has only 1,598 miles of railway. 
The length of metalled roads in the whole province is put dowir on 
paper as 2,100 miles ; but most of these roads are not worthy of the 
name. Outside towns and their environs there are few roads that 
are fit for other than bullock-cart traffic, and very few miles where 
motor traffic is possible. The provincial contract given to Burnra 
in 1907 was quite inadequate for the equipment of the province with 
necessary public works, and though the contract has since been 
augmented by the sum of 16 lakhs of rupees (£100,000) a year, 
Sir Harvey Adamson considers it still insufficient to meet the 
requirements of the province within a reasonable time. Re gives 
particulars of the crops, agricultural stock, fisheries, forest products 
and minerals, all leading to the conclusion that Burma is a land of 
rich resources and great potentialities. There can be no doubt that 
capital judiciously expended, whether by Government in improving 
communications and developing natural resources, or by private 
enterprise in exploitation, would be profitably employed. A hand- 
some return has been obtained from the capital already expended 
on revenue-producing, public works. Sir Harvey Adamson asserts 
that there is no truth in the opinion often expressed that 
Government is adverae to private enterprise. In the interest of the 
tax-j^yer Government is bound to reserve for itself a fair share of 
the profits earned from the exploitation of the products of the 
country. Within this limit it welcomes and is ready to give priority 
to private enterprise. Unfortunately applicants for concessions 
bav^ too qftei) beei^ a4venturers who desire to take much and give 
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nothing in return, and who possess neitlier expert knowledge nor 
sufficient capital to utilize the products which they wish to exploit. 
Such applications, Sir Harvey Adamson points out, must be rejected ; 
but where hona fide applications for concessions are made by experts 
or capitalists, the (fovernment of Burma is always ready to welcome 
them, and never turns them down without reasonable cause. 

Among other articles in the. Bulletin is one on natural dye- 
stuffs. The scarcity of synthetic dyes since the interruption of 
commercial relations with Oernrany has led to a search for new 
natural dye-stuffs and for new sources of supply of the better-known 
materials. Many samples of .such products have been received at 
the Imperial Institute, and the results of their examination are given 
in the Bulletin. The chief developments during the war have been, 
however, in the increased production of natural indigo in India and 
Java, and fu.stic in the West Indies. These two dyes are much in 
demand for the blue and khaki cloths required for naval and military 
uniforms. With regard to the future of natural indigo, it is pointed 
out in the Bulletin that the present demand will no doubt continue 
during the war ; but the manufacture of synthetic indigo has been 
started in the United Kingdom, the United States, France, Switzer- 
land and other countries, and after the war the natural product 
may have to contend with even severer competition than in the past. 
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IMPROVEMENTS IN THE QUALITY OF UNITED 
STATES (;01T0N. 

To TiiK Editor, 

The AffrieiiUuml tfowiml of India. 

Sir, 

I havo just received th<^ April issue (vol. XIII, pt. II) of the 
Jourruil. I was recently talking with Mr, Erwin W. Thompson, 
of the United States (Vimmercial Department., best known for his 
most excellent rejxnts on vegetable oils and oilseeds. He gave me 
to understand that, speaking generally, improvements in the quality 
of United States cotton ha<l hitherto practically always centred 
roimd some particular large estate, the o\vner of which wfis able to 
grow a large quantity of his particular selection and was iilso in 
such a financial position as to be able to sell his produce on a wider 
market than the local one usually provided. Among the smaller 
growers who sell locally, similar results had not generally been 
obtained and there had been a slight deterioration in such crops, 
A perusal of Mr, Rolwrts’ article in the Journal referred to seems 
to corroborate this opinion, but Mr. Roberts does not so far appear 
to state it categorically as a result of his tour of inspection. It 
would be of interest if he could or could not corroborate this opinion, 
for one point of great importance to India is a knowledge of atij' 
methods adopted elsewhere, whereby improvements in the quality 

( 196 ) " 
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(»f cotton have been effected and maintmned among a large number 
of small holders and growers. 

Yours faithfully, 

London : D. T. Chadwick, 

5th Judy, 1918. hvdian Trade Commissioner. 

(Endosure.) 

Dear Mr. Chadwick, 

« « ♦ « ♦ Xc 

Mr. Roberts says (page 278) : “ The chief reason for Mr. Coker’s 
success is that he is a buyer of fine cotton and is able to give proper 
value for good staple.” I happen to know Mr. Coker and his work, 
and 1 think the “ chief reason ” is quite exactly stated. The 
certainty that a cotton grower will get pay for his cotton in proportion 
to its excellence is undoubtedly of more importance in the ultimate 
improvement of American cotton than any other one factor, not 
excepting scientific breeding. I say “ not excepting ” because as 
a matter of fact in the above circumstances scientific breeding 
would not permit itself to be excluded ; it would naturally follow. 
Conversely, scientific breeding cannot succeed commercially unless 
the grower can see some financial advantage ; he takes no interest 
in the means, he wants to see the end. 

The American producer usually sells his cotton in small villages 
to cotton buyers who are paid salaries or commissions by dealers in 
large cities. Often there is a community of interests among these 
small buyers or at least a tacit understanding for buying the planters’ 
cotton at the lowest possible prices. If one small grower brings to 
market a few bales of a most superior cotton he cannot obtain more 
for it than his neighbour who has an inferior grade, for the village 
price is usually based on an average for the district. As a nartural 
consequence the small grower cannot afford to give the time and 
attention to quality, he works for quantity. 

A large cotton plantation, say 60,000 to 60,000 acres, could 
alEord to pmploy competent men to work for both quality and 
quantity. Broper machinery could be provided £<» cleaning and 
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selecting good sound plantii^ seed. Prevention of outside 
hybridization would be more easy because of the large area under 
control. The cotton seed produced could be worked in an oil mill 
belonging to the plantation. And, finally, the amount of cotton 
produced would be large enough to justify selling on its merits in the 
large markets where there is world competition. The greater prices 
thus obtained would give a conuuercial impetus to cotton betterment, 
not on the plantation itself, but by force of example, in the country 


at large. 

<i> >i( 

♦ 

Ht He ♦ 

London. 


Yours sincerely, 

Erwin W. Thompson, 



American Commercial Attache, 
Copenhagen 


J!R. ROBERTS’ REPLY. 


To THE Editor, 

The Agricultural Jour ml of India. 

Sir, 

With reference to Mr. Chadwick’s letter of 5th July, a copy 
of which you have kindly sent me, I beg to note that I can 
confirm Mr. Thompson’s opinion quoted by the Indian Trade 
Commissioner. The most marked example of wide improvement 
I came across, was in the County of Hartsville, S. Carolina. The 
improvement there was brought about by the work of the Pedigree 
Seed Company run by Mr. Coker, who is an influential man there. 
He has been supplying improved strains now for over 12 years and 
has changed the character of the cotton of the whole county, of 
which 96 per cent, now produces cotton of 1^' to If' staple as 
compared to barely 1" previously. Mr. Coker has been able to do 
this as he has been a buyer also, with an interest in production of a 
superior staple. In the ordinary local markets a superior staple 
rarely gets a premium and hence progress has been spasmodic. > 
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The two essential conditions for success with small holders are — 

(1) supply of seed from one source, which is continually 

improving; and 

(2) organization of marketing to socm*e full value for the 

' improved cottons from the start or as early as possible 

after its introduction. 

The Punjab policy is based on this. In Kgypt, they are now 
supplying seed on a wholesale scale as in the Punjab and 
markets are fairly well organized, but seed given out is best seed 
from estates and factories and not of any pedigree or definite stock. 

With cotton Avhere seed has to be purcluised from outside in 
any case, there is no difficulty in maintaining the standard. The 
cost of seed per acre being so small, helps to make this easier. 

i Yours faithfully, 

Lyallpub : W. Roberts, 

5th October, 1918 . Professor of Agriculture. 
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ON AGllICULTUllE ANL> ALLIED SUBJECT8. 


1. Treatise ou Applied Analytical (Chemistry, by Prof. V. 

Villavecchia and others.' Translated by T. H. Hope. In two 
volumes. (London ; J. & A. Churchill.) Price 21s. and 25s. net. 

2. The Practice of Soft Cheese-Making : A Guide to the Manu- 

facture of Soft Cheese and the Preparation of Cream for Market. 
Fourth Revision, by C.W. Walker-Tisdaleand T. R. Robinson. 
l*p. 106. (London ; J. North.) Price 3s’. net. 

3. A Short Handbot)k of Oil Analysis, by Dr. A. H. Gill. Revised, 

Eighth Edition. Pp. 200. (Philadelphia and London : J. P. 
Lippincott Co.) Price 10s. Gd. net. 

4. Plant Genetics, by J. M. and M. C. Coulter. Pj). ix 4-214. 

(Chicago, 111.: University of Chicago Press ; London : Cambridge 
University Press.) Price 1-50 dollars net. 

5. Western Live-Stock Management, edited by Ermine L. Potter 

and others. Pp. xiv -4-462. (London: Macmillan & Co.) 
Price 10s. net. 

6. Lecithin and Allied Substances : The Lipius, l)y Dr. 11. McLean. 

(“ Monographs on Bio-Cheiuistry.'’) Pp. vii ■+ 206. (London : 
Longmans, Green & Co.) Price 7s. Gd, net. 

7. Common British Beetles and Spiders and How to Identify Them, 

by S. N. Sedgwick. Pp. 02. (London : C. H. Kelly.) 

8. The Main Currents of Zoology, by Prof. W. A. Locy. Pp. 

vii + 21 6. (New York: H. Holt & Co.) 
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9. Production and Treatment of Vegetable Oils, by T. W. 

Chalmers. (London : Messrs. Constable & Co.) Price 21s. 
net. 

10. Practical Surveying and Field Work, by V. G. Salmon. 

Pp. xiii + 204. (London : C. Griffin & Co., Ltd.) Price 7s. Od. 
net. 

H. Food Gardening for Begiimers and Experts, by H. V. Davis, 

Second Edition. Pp. viii + 133. (London: G. Bell & Sons, 
Ltd.) Price Is. net. 

12. "Rats and Mice as Enemies of Mankind, by M. A. C. Hinton. 

Pp. x+03. (London: Trustees of the British Museum.) 
Price Is. 

13. Sir William Ramsay, K.C.B., F.R.S., Memorials of his life and 

Work, by Sir W. A. Tilden. Pp. xvi + 311. (London: Mac- 
millan & Co., Ltd.) Price 10s. net. 

14. Medicinal Herbs and Poisonous Plants, by Prof. David Ellis. 

(London : Messrs. Blackie & Son.) 

15. Canning and Bottling Fruit and Vegetables, by Mrs. Goodrich, 

with a Preface by Prof. F. W. Keeble. (London : Messrs. 
Longmans Green & Co.) 

1(5. A Bioohemic Basis for the Study of Problems of Taxonomy, 
Heredity, Evolution, &c., with especial reference to the Starches 
and Tissues of Parent-stocks and Hybrid-stocks, and to the 
Starches and the Hemoglobins of Varieties, Species, and Genera, 
by E. T. Reichert. (Carnegie Institution of Washington.) 

The following publications have been issued by the Imperial 
Department of Agriculture in India since our last issue : — 

Memoir. 

I. Phytophthora Meadii n. sp. on Hevea braailiensis, by W. McRae, 

M.A., B.Sc., P.L.S. (Botanical Series, Vol. IX, No. 6.) 
Price R. 1-4 or 2s. 
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Bulletins . 

1 . The Improvement of the Indigenous Methods of Gur and Sugar 

Making in the United Provinces, by W. Hulme and R. P. 
Sanghi. (Bulletin No. 82.) Price As. 8 or 9d. 

2. The Best Means of rapidly increasing the Outturns of Pood 

Crops by Methods within the Power of the Agricultural 
Department. Being Notes submitted to the Meeting of the 
Board of Agriculture in India, Poona, 1917. Edited, with 
an Introduction, by J. Mackenna, C.I.E., l.C.S. (Bulletin 
No. 84.) Price As. 4 or 5d. 

3. Moumachipalan, by C. C. Ghosh, B.A. (Beixgali version of 

Bulletin No. 46 on “ Bee-keeping.”) Price As. 14 or l.s. 4d., 
net. 


I ndiyo Publication . 

1. The Future Prospects of the Natural Indigo Industry. The 
Effect of Superphosphate Manuring on the Yield and Quality 
of the Indigo Plant, by W. A. Davis, B.Sc., A.C.G.I. (Indigo 
Publication No. 4.) Price As. 4 or 5d. 

Reports. 

1. Scientific Reports of the Agricultural Research Institute, Pusa 

(including the Report of the Imperial Cotton Specialist), 
1917-18. Price R. 1-4 or 2s. 

2. Annual Report of the Imperial Bacteriological Laboratory, 

Muktesar, for the year ending the Slst March, 1918. Price 
A.«. 4 or 5d. 
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NITROGENOUS FERTILIZERS : THEIR USE 

IN INDIA. 

BY 

C. M. HUTCHINSON, B.A.. 

Imperial Agricultural BacteriologisU 


The following paper was read by the Agricultural Adviser to the 
Government of India, in the absence of the writer, at the recent 
meeting of the Indian Science Congress at Bombay. It elicited a 
considerable discussion and we shall be glad if readers of the 
Joiumal will favour us with their views on the important points 
of principle it raises. — [Editor.] 

My intention in writing this paper is in no wise to provide a 
statistical review of the nitrogen requirements of India as an agri- 
cultural country with tables of figures showing the number of tons 
of nitrogen exported in the form of hides, oil-seeds, bones or salt- 
petre, and imported as manures, but rather to present one or two 
aspects of the general problem connected with the use of nitrogenous 
fertilizers in India as they appear to one who has had some consider- 
able experience of the point of view of the agricultural chemist and 
of the soil biologist. The principal questions that seem to suggest 
themselves are — 

(1) Does India require nitrogenous fertilizers, and 

(2) Can the country afford to pay for them ? 

Now the answer to the first question is by no means the simple 
ahd emphatic affirmative that would be given in the case of such a 

( 303 ■) ., 1 
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country as England, and would also generally be given for India 
or any other country by experts unfamiliar with all the facts of the 
case as we know them, or should know them here. In the short 
time at my disposal for writing this paper it has not been possible 
for me to make any review of soil conditions outside those familiar 
to me in North-East India, and for this reason, as 1 said before, 1 am 
merely putting forward a view based on my own experience in order 
that you may consider how it accords with your own, and point out 
in discussion, perhaps, how singularly wide of the mark it is when 
applied to cases within your knowledge. 

What I suggest, then, is this, that in the case of a large propor- 
tion of soils under arable cultivation in India, nitrogen supply is not 
to be regarded as the limiting factor so much as that of either phos- 
phates, potash or lime, and that the use of nitrogenous fertilizers 
by themselves may readily lead to a lowering of fertility by exhaus- 
tion of the available quantities of these other mineral constituents of 
plant food. This argument of course is absolutely elementary and 
axiomatic, but I make no apology for introducing it as there is 
a large amount of evidence of its neglect on the one hand and of 
ignorance of its importance on the other. We find for instance 
planters of experience (I mean Europeans) firmly holding the 
belief as a body that in dealing with perennial crops — “ once 
manure, always manure.” Analyse this belief and you will discover 
that the planter’s experience is that if you encourage the growth 
of a plant by nitrogenous manuring, the yield in successive years 
will fall below the normal unless stimulated anew by fresh applica- 
tions of manure, which he cannot as a rule afford to give. In most 
cases further analysis will show that the planter holds the view that 
this result is a natural consequence of his soil having acquired a 
sort of vicious drug habit for nitrogen, requiring repeated and 
increasing doses to produce any observable effect. This attitude 
is by no means so improbable or unconSmon as it appears and is 
also not at all unknown amongst quite well educated farniers in 
England, but the latter in most cases know how to remedy the defect 
by complete manuring, and many do so in full knowledge of the 
fact that the apparent falling off in the normal condition of the 
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plant is due to the unwonted drain upon the miucraJ resources of 
the soil as a consequence of the greater growth induced by the 
nitrogenous stimulant. The Indian cultivator on the other hand is 
very generally averse from the use of nitrogenous manures except in 
the case of rice and sugarcane, and such manures as he employs are 
generally either cakes or green manures, the former of which supply 
phosphates and potash as well as nitrogen, Avhilst the latter, although 
their stimulating effect is mainly due to their nitrogen content, 
supply such small quantities that this stimulation is of a low order 
and not comparable in soil exhausting power with that of other 
manures of high nitrogen content. As is well known, the ryot 
generally uses cowdung as fuel rather than as manure so that this 
source of nitrogen is lost to the soil and this practice actually consti- 
tutes a highly serious factor in the nitrogen deficiency of Indiar. 
soils generally. In Bihar the ryot has at hand a nitrogenous manure 
in the form of saltpetre, but although this is easily obtainable, 
especially in the crude unrefined condition as the “ shora ” of the 
nuniah, it is not used as manure even for valuable crops. This 
seems remarkable, especially as the nuniah who makes it is almost 
invariably a cultivator as well, or at least one or more of his family 
are ; the reason invariably given, however, is that the use of .saltpetre 
results in the loss of t^at by the soil, and that the only remedy for 
this condition is fallowing, implying the loss of a ciop. 

Here then we have the attitude of the ryot towards nitr{)genous 
manuring based on his practical and inherited experience. His 
scheme of farming depends upon getting a continuous series of crops, 
representing low yields from the soil, but by reason of this lowness 
avoiding loss of tdqat or reduction in fertility. For the same reason 
the Indian cultivator, in such a tract as Bihar where cultivation has 
reached a high pitch of perfection, is chary of using liigh yielding 
varieties of crops or of carrying cultivation, in the sense of ploughing 
and harrowing, to a high degree because he knows that the large 
crop or series of crops will inevitably be followed by correspondingly 
small ones. 

Finding such a belief firmly rooted in the nunds of the cultiva- 
tors in such a tract as North Bihar where the fertility of the soil is so 
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great, as to allow it to carry one of the densest rural populations in 
India, one is naturally led to inquire into the causes underlying it. 
Various linuting factors in crop production are found at once, of 
which the most prominent is water supply ; the Bihar cultivator 
is a past master both in the art of conservation of soil moisture and 
of securing its proper vertical distribution at sowing time, and, in 
common with all other Indian agriculturists in non-irrigated areas, 
looks upon the distribution of rainfall as the primary factor in deter- 
mining crop production. It is interesting to find that in Bihar the 
pessimistic general outlook of our British farmer so far as weather 
is concerned finds its counterpart in the belief that a good year is 
generally followed by a bad one, not necessarily because of the 
improbability of two successive years of good weather, but once more 
because of the exhausting effect of a bumper crop upon the soil. 
Here again the ryot hopes for nothing better than a medium crop 
on an average of years and shows his conviction, based on generations 
of experience, that there is some, to him quite natural, adverse 
influence which rules and limits production. We, with our advanced 
knowledge of agricultural chemistry and biology, can say with some 
probability of correctness to what this adverse influence is mainly 
due, but can we do anything to neutralize or remove it ? Fdix 
qui potuit rerum cognoscere causas ; but is it not possible that we may 
discern a cause without fully understanding its effect ? Let us take 
the case of nitrogen as one of the most prominent factors in soil 
fertility. 

Here we have an element existing in the soil sometimes in large 
quantities, only a small fraction of which is available at any one 
moment as plant food. Availability depends upon nitrification 
and this again depends upon a complete series of chemical changes 
due to bacterial action, starting with the proteid nitrogen of the 
plant cell, as found in the organic refuse of the soil', and going through 
such stages as peptones, polypeptids, amino-acids and ammonia 
to the final condition of nitrites and nitrates. Now there appear 
to be points in the early parts of this series at which the style of 
decomposition may diverge from its natural orderly progression 
into side-tracks leading to the formation of compounds which do not 
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readily lend themselves to further progress to the goal of nitrifica- 
tion ; consequently we have a natural tendency in the soil towards 
the accumulation of residual masses of nitrogenous organic matter, 
and were it not for this tendency there appears to be no reason why 
the greater part of the nitrogen in the soil should not be nitrified 
simultaneously instead of only a small fraction. It is a well-known 
fact that in peat soils the relative proportions of carbon and nitrogen 
vary as the peat becomes older, the carbon becoming relatively 
less and the nitrogen relatively more. This is also the case to a less 
degree in all uncultivated soils. This condition in peat soils is no 
doubt due to the influence of the semi-anaerobic conditions charac- 
teristic of such soils during their formation upon the kind of bacterial 
action responsible for decomposition of the nitrogenous organic 
matter they contain, and in all soils the relative amounts of nitrate- 
nitrogen and of reserve nitrogen will vary in accordance with the 
aeration or otherwise of the soil itself. When we increase the appa- 
rent fertility of the soil by draining and intensive cultivation we arc 
simply using up reserve nitrogen at a rapid instead of at a slow 
rate, and unless steps are taken to replace it at the same rate, soonei' 
or later depreciation in the fertility of the soil will inevitably occur. 
But in very many cases exhaustion of some other constituent such 
as PjOj occurs first and even careful green-manuring, which may 
postpone nitrogen exhaustion for some time, is unable to avoid 
this result. Another frequent failure is that of the non-nitrogenous 
organic matter of the soil which is rapidly destroyed by intensive 
cultivation, and the loss of which is only ivith difficulty made good 
by green-manuring or caking ; one great evil of such loss, apart 
from the obvious one of destruction of tilth, is the interference with 
the natural fixation of nitrogen by nonsymbiotic soil organisms. 
This highly important source of soil nitrogen requires careful inve.sti- 
gation, especially in India where climatic conditions and the high 
temperature of the soil enormously enhance the activity of soil 
bacteria and with it the importance of such methods of adding to 
fertility as depend upon their action. At Rothamsted fixation 
of nitrogen by nonsymbiotic soil organisms has been shown to add 
nearly 100 lb. per acre per annum to an uncultivated soil ; at Pusa 
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this amount has been greatly exceeded, but in this case artificial 
additions of carbohydrate were made so that we have only an 
indication of the potential activity of azotobacter under optimum 
conditions. The point to be emphasized however is this : neither 
at Rothamsted nor at Pusa has such a high rate of nitrogen fixation 
been observed in soils under arable cultivation, even making allow- 
ance for the nitrate formed and removed either by the crop or by 
drainage. Pixation no doubt goes on in cultivated soil but its 
rate is probably lowered by the want of sufficient carbohydrate to 
allow of its proceeding at a maximum pace. In a fallow or unculti- 
vated soil such carbohydrate accumulates along with the organic 
matter formed by wild vegetatif)n oi' algal gT'owtli, but cultivation 
lowers the supply, and the better the cultivation and the more 
i!omplete the drainage and aeration so much lower will be the quan- 
tity of food available for nitrogen-fixing organisms in the sod. 
Here we have another instance of the ne('es8ity of due consideration 
in introducing a Western method into the East. In England com- 
plete drainage and cultivation are the foundations of successful 
farming ; in India although the same operations will generally 
lesult in an increase of crop and of apparent fertility, yet the ultimate 
result may easily be depreciation in the condition of the soil due to 
over-rapid formation of nitrates and their loss in drainage water 
and to the rapid decrease in the content of organic matter in the soil 
accompanied by loss of tilth and of nitrogen- fixing power. 

Apart from the deleterious effect of over-cultivation upon 
fixation of atmospheric nitrogen, the lowering of the content of 
organic matter in the soil by this means has another less direct 
effect in reducing the numbers of soil bacteria and thereby lessening 
the valuable influence they exert upon the retention of soil nitrogen. 
Where organic matter is plentiful these bacteria will be sufficiently 
numerous to reconvert any excess of nitrate formed into proteid 
nitrogen and thus prevent its leaching out of the soil by rain as 
happens in over-cultivated and over-drained soils. Thus in order 
to avoid loss of tilth and of organic matter, reduced fixation of 
nitrogen and formation of nitrate, a proper mean must be struck 
between excessive cultivation which will give large crop yields 
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but reduce fertility, and no cultivation at all ; this is in cases 
where manure is unavailable or is too costly, but my object in 
uttering this warning is to point out the absolute necessity of realis- 
ing the facts of the case connected with the utilization of inten- 
sive cultivation and especially of improved high yielding varieties, 
and of co-ordinating the activities of the Agricultural Department 
so that the plant breeders shall not be in a position to say : “We have 
given you improved machinery for making use of solar radiation, 
where is the raw material necessary to keep it in operation ? ” 
I repeat therefore that in such a tract as Bihar experience shows 
that the introduction of intensive methods (sometimes referred 
to as improved methods) of cultivation and of heavy yielding varie- 
ties of crops, is necessarily followed by reduction in the reserve 
food supplies of the soil and sooner or later by reduced fertility. 
This loss of fertility is by no means confined to Bihar ; similar 
conditions may be found from the Punjab to Assam. It follows 
therefore that unless India is to be content to produce crops at a 
rate determined for each soil by the nitrogen-fixation rate in that 
soil and thus to give up the advantages of improved varieties of 
crops, nitrogenous manures are necessary in this country just as 
they are elsewhere. Research and experiment will no doubt show 
us how to make the most of our existing nitrogen supply and even 
how to increase its amount by improving the conditions for fixation, 
either symbiotically or asymbiotically, but my opinion is that our 
improved machinery for converting soil nitrogen into crops is even 
now considerably in advance of the supply of raw material and is 
likely to become more so in the future. As I have pointed out 
before, nitrogen is by no means the only limiting factor and any 
attempt to provide this element alone will merely result in more 
rapid depreciation of a large majority of our soils. Although inten- 
sive cultivation will rapidly bring into an available condition large 
amounts of the reserve nitrogen of the soil, it appears more difficult 
to produce the same result at anything like the same pace so far as 
its mineral constituents are concerned. Solubilization of such 
substances as natural phusphates, whether existing as constituents 
of the original mineral particles of the soil or in organic combination 
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as plant residues, is a process depending largely upon bacterial 
action the slowness of which is frequently indicated by the difference 
between the available ” and total phosphates in the soil chemist’s 
analysis. Some experts, mostly in America, have asserted that 
the soil solution always contains sufficient minerals, such as phos- 
phates, to satisfy the food requirements of the crop, but this theor}- 
cannot be considered tenable in the light of general experience with 
manures, and especially of work at Rothamstcd on this particular 
point. We come back therefore to the fact that if nitrogen is made 
available more rapidly, relatively as plant food, than minerals 
such as phosphates, the available supply of the latter will be exhaus- 
ted and infertility result. 

We have then two natural sources of available plant food in 
soil, both depending upon slow biological processes going on in the 
latter and setting a natural pace for crop production ; any artificial 
interference with the parity of these processes nxust result in a 
lowering of fertility only to be avoided by judicious manuring or rc- 
(iovered from by fallowing, or manuring, or both. It must be noted 
also that application of phosphates without regard to the sufficiency 
of the nitrogen supply may do great harm by bringing crop growth 
above the safety point which should properly be fixed by the 
natural limiting factor. 

Let us now turn to the second question : Can India pay for 
the nitrogenous or other manures which 1 have endeavoured to 
show arc necessary ? This of course is entirely a question of the 
relative values of increase of (U'op and cost of manure, and it is 
one which requires not only consideration of local values as the}’ 
exist under present (‘onditions but of the possibility of lowering 
the cost of manures, probably by measures securing cheaper trans- 
port, and of popularizing the use of such fertilizers as cakes and fish 
manures (and especially the latter), and, by creating a steady demand 
for indigenous products, helping to stem the flow of such commodities 
as oilseeds from this country. It is not within my province to suggest 
how the present unsatisfactory state of affairs with regard to export 
of oilseeds can be altered, but, as is well known, the protective 
tariff in France and Italy against foreign oils at present makes it 
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economically unsound to crush seeds in India ; nevertheless the 
fact remains that this country is exporting valuable nitrogen and 
getting only a byproduct price for it, whereas the oilcake, if retained 
in India, would be invaluable to agriculture, being, as has been 
shown in numerous localities and for a great variety of soils and crops, 
the soundest nitrogenous manure obtainable. It seems certain 
that co-operative credit will enable the cultivator to use manures 
more freely in the near future ; it is our duty therefore to provide 
reliable information as to how to use them and to make such arrange- 
ments as are possible to supply them at the lowest possible cost. 

I have taken up so much of your time in considering the neces- 
sity of manuring that I cannot make any pretence of dealing ade- 
quately with the subject of providing manures whether nitrogenous 
or otherwise. The whole question requires and demands immediate 
and exhaustive inquiry at the hands of the Agricultural Department. 
(Ian we use hydro-electric power economically in India for the 
production of combined nitrogen, and can this compete with imported 
products such as Chilean nitrates, nitrolim and calcium cyanamide ? 
Can we divert the stream of organic nitrogen which flows out of 
India in the form of oilseeds, bones and hides so as to use the by- 
products as a source of this element 1 Can we extend the produc- 
tion of saltpetre so as to make better use of this valuable method of 
recovering nitrogen which otherwise is lost to agriculture ? Can wc 
recover as fish manure any considerable portion of the nitrogen 
which goes by rivers, streams and sewers into lakes and into the sea. 
and can we by any means increase our soil stock of nitrogen by the 
popularization of sounder methods of crop rotation with legumes 
and of green-manuring ? 

So far as phosphates are concerned there (;an be no doubt 
that India would benefit euormou.sly by the gi’eater use of such 
natural supplies as can be obtained from (Jhristmas Island and 
perhaps Egypt or even in Bihar. But here again commerce and 
agriculture must be brought together to their mutual benefit by the 
wise guidance of the Agricultural Department so that the nnin- 
structed cultivator may not suffer disappointment as a result of 
undue commercial enterpri.se, and on the other hand the merchant’s 
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chance may not be prejudiced by want of proper information. 
In this connection it is worthy of remark that by reason of the 
high average temperature of the soil and the proportionate intensity 
of bacterial action therein, this country is probably in a position to 
utilize large quantities of raw phosphates in conjunction with green- 
manuring without the expensive intervention of sulphuric acid. 
This point again requires and demands the earnest attention of the 
Agricultural Department. 

The most important point in this enquiry is one to which 
I would pow draw your attention with a view to obtaining your 
several and collective opinions thereon. It appears to me that the 
following principles are involved in the question of whether India 
as an agricultural country can afford to buy manures : — 

(1) A country which is farming on old soils cannot compete 

with one utilizing virgin soils so long as the latter 
is recklessly willing to pay dividend out of the capital 
reserves of plant food in those soils. 

(2) A country possessing limited mineral wealth and only 

insignificant industrial resources cannot compete 
agriculturally on even terms with a country which 
owing to its possession of such resources can afford 
to pay for the manures necessary for intensive culti- 
vation. 

These remarks need qualification in respect of special crops 
such as rice, jute, cotton, and tea for which correspon ding ly 
special conditions of climate and soil are required, but the case of 
these crops emphasizes the necessity of considering the possibilities 
of competition between India and such countries as America and 
Canada so far as wheat growing is concerned. Again then we 
come to the question whether India can afford to adopt the policy 
of raising crop production above the level fixed by Nature and adop- 
ted by the Indian cultivator. In my humble opinion this can be 
done to a certain extent by making the best use of the natural 
resources of the country, but it is to be considered whether India 
can at present afford to use high yielding varieties of crops and 
intensive cultivation since she cannot at present afford to pay the 
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world’s market price for imported manures such as would be required 
to prevent depreciation of her soils under such conditions. 

The improvement of agriculture in India from the point of 
view of utilization of manure is entirely a question of economics 
requiring a very wide view and extensive know'ledge for successful 
solution. Can the country as a whole go on exporting nitrogen, 
phosphates, and potash indefinitely without sooner or later becoming 
bankrupt agriculturally 1 Can indeed the rural districts supply food 
to the urban centres with their rapidly growing populations ? The 
old condition of affairs in which, owing to lack of facilities for 
communication and transport, a district was self-supporting, is being 
replaced by one in which increase in such facilities is leading to 
heavy exports of foodstuffs from the fertile areas and even to the 
replacement of food crops by revenue -producing crops such as 
jute and cotton. Measures must therefore be taken to ensure 
that the transport facilities which are giving rise to this condition 
of impoverishment of our soils shall be fully utilized to convey 
manures from such centres as can provide them to the districts 
where they can be profitably employed as the raw material for crop 
production ; no method of Government control can prevent the 
cultivator from substituting revenue crops for food crops, but 
Government can perhaps so influence the general situation by helping 
to lower the cost of manures and so allowing of the full utilization 
of the crop-producing powers of our agricultural machine — the 
improved plant — as to make revenue crops include rather than 
exclude the food-producing classes. 

The original questions, then, may be answered as follows 

(1) India does require nitrogenous fertilizers but she also 

requires a supply, ‘pari passu, of other soil constituents 
without M'hich in many, nay in most, cases nitrogen 
will do more harm than good. 

(2) India cannot afford to pay for imported nitrogenous 

fertilizers at the same rate as other countries whose 
mineral wealth and local consumption gives them an 
economic advantage, but on the other hand there 
axe possibilities in tliis country of making better use 
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than at present of indigenous supplies of nitrogen. 
At the same time it would be fatal to divorce consi- 
deration of nitrogen supplies from that of other 
manurial constituents, so that the question resolves 
itself into whether India can afford to adopt the 
policy of raising mid keeping up the general fertility 
of her soil, that is to say of taking up intensive farming, 
rather than continuing the indigenous method of 
keeping the crop yield down to the level to which 
it is naturally restricted by the continued normal 
rates of nitrogen fixation and mineral disintegration. 
One thing is certain and that is that it must be wrong 
to devote most of our energies and attention to the 
provision of high yielding varieties of crops and ttj 
intensive methods of cultivation without first making 
adequate provision against the depletioii of the soil 
which will certainly follow their unrestricted use. 



NITROGEN FIXATION IN INDIAN SOILS 


BY 

C. -M. HUTCHINSON, B.A., 

Imperial AgricnUural Bacteriologist. 

At tiu; recent meeting of Agricultural dhemists held at 
Pusa, a resolution was passed drawing attention to the importance 
of investigations croncerning the biology of Indian soils and the 
necevssity of creating posts of soil bacteriology in all the Provincial 
Agricultural Laboratories to carry them out. This expression of 
opinion by the meeting was based upon recognition of the very 
numerous problems connecting soil fertility and soil biology, but 
of all these the conditions determining the fixation of atmospheric 
nitrogen in the soil must, I think, be considered of paramount 
importance. This subject has had but little attention from soil 
biologists up to now, mainly because although imdoubted additions 
of nitrogen take place in the soils of countries with temperate 
climates, as has been shown at Rothamsted and elsewhere, yet the 
amount thus added is relatively small in cultivated soils, partly 
because of the comparatively low organic matter content of such 
soils as a consequence of intensive cultivation and partly, and 
probably mainly, because the low temperature of such soils limits 
the rate of the beneficial action responsible for fixation and so 
keeps down the amount thus added to comparatively insignificant 
proportions. Now in India we have, as I have pointed out else- 
where, relatively high temperatures in soil and correspondingly high 
rates of bacterial action, so that any results from such activity 
will be correspondingly great. This has been shown to be so in 
the case of ammonification and of nitrification, and we have indeed 
in connection with nitrogen fixation itself an undoubted proof of 
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the relative rapidity with which this occurs in Indian soils in the 
short growing period of legumes in our tropical and sub-tropical 
districts. This rapid growth, a direct consequence of the high 
temperature of soil and air, is accompanied by a correspondingly 
rapid fixation of nitrogen by the root nodule organisms living in 
symbiosis with these plants ; thus in a growing period of six weeks 
a crop of Crotalaria juncea will fix as much nitrogen as a crop of 
clover in England in as many months, and similarly in eight weeks’ 
time nitrification of a full dose of oilcake will be completed in Pusa 
soil, whereas in England this might take anything from four to 
eight months. In the case of symbiotic nitrogen fixation, more- 
over, we are limited to the growing period of our leguminous crop, 
a very short one when we consider that part of the time only during 
which active bacterial action is going on in the nodules ; in non- 
spnbiotic fixation such as that effected by azotobacter and various 
clostridial forms so far as we know at present there is no such 
limited period, nor is intensive cultivation generally practised in 
India with the consequent rapid reduction in the organic content 
of the soil which apparently in England is responsible for limiting 
this kind of bacterial action. In a very large number of Indian soils, 
however, we find a natural low content of organic matter, and 
also a very general prevalence of drought over considerable periods 
of the year, resulting in a reduction of the moisture content of the 
soil below that favorxrable to bacterial activity ; these unfavourable 
conditions might therefore be considered to reduce the importance of 
asymbiotic nitrogen fixation as a serious source of soil nitrogen in 
this country, and to relegate this question to the same relatively 
insignificant position in India as it has occupied in the past in 
countries with temperate climates. Observations made at Pusa 
of the rate of fixations of nitrogen both in field soils and in the 
laboratory have confirmed my opinion that not only is the amount of 
nitrogen taken from the air and added to the soil by azotobacter of 
considerable economic importance, but that this amount may vary 
within such wide limits that it seems highly probable that, were we 
in possession of more accurate information as to the causes of such 
vfuaation, we should be able to increase this amount very considerably 
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quite possibly by mere soil management such as is made use of 
to secure nitrification, or possibly by the addition of some stimulating 
substance which may be absent in some soils. The accepted theory 
at present assumes the rate and amount of nitrogen fixed to be 
determined or at least limited by the carbohydrate content of the 
medium in which the organism is acting. In Pusa soil in the field 
the addition of sucrose in varying quantities was followed by pro- 
portionate increase in the amounts of nitrogen fixed ; this amounted 
in some cases to several thousand pounds per acre per annum, 
but the cost of the sugar was relatively high and precluded its use 
as an economic measure. Similar results have been obtained 
by the use of molasses in sugar-growing countries such as Mauritius, 
but here again the cost of the application was out of proportion 
to the value of the result. Conclusions based only on the assump- 
tion that nitrogen fixation is limited by the artificial addition of 
comparatively expensive carbohydrate materials would therefore 
appear to be unfavourable to the theory that such a source of soil 
nitrogen is likely to be of economic importance, but I have for some 
years been of opinion that the wide variations above referred to as 
occurring in Indian soils >uust have their origin in some other cause 
than mere differences in the carbohydrate content of the soil. In 
all Indian soils which I have examined, algae are found, fulfilling 
their natural function of adding to the organic matter content of 
the soil by taking the necessary carbon from the COg of the air. 
We have only to assume a symbiotic relationship between such 
green algae and nitrogen fixers such as azotobacter, the one supplying 
carbon and the other nitrogen, both drawn from the air, this symbio- 
tic action consequently enriching the soil and not depleting it, 
and we can then understand how nitrogen fixation can proceed, 
limited only by the necessary soil moisture and the presence of such 
inorganic salts as are requisite for the growth of these organisms. 
It has yet to be discovered whether the variations observed in the 
amounts of nitrogen fixed in various soils are due to imperfections 
in this symbiotic relationship, resulting perhaps from the association 
of inappropriate strains or species of algse or of azotobacter, or the 
absence of appropriate amounts of some limiting soil constituent. 



218 


AGRICULTURAL JOURNAL OF INDIA 


[XIV, II. 


Alternatively it might be found that the total annual fixation 
depends upon the coincidence of appropriate weather conditions 
with seasonal variations in the activity of one or both of the symbio- 
tic organisms. Control of this factor would probably then depend 
i'lgain upon soil management with reference to moisture and possibly 
aeration, and as azotobacter is found at considerable depths in some 
soils the former is the more probable source of variation. 

One very probably important factor in fixation of nitrogen 
in soils, as it has been shown to be by Golding in artificial culture, 
is the continuous and concurreirt removal of the products of the 
bacterial action involved in the process of fixation. As in many 
other natural processes accumulation of certain products appears 
to interfere with their continued formation ; in the case of fixation 
of nitrogen as the result of symbiosis between radicicola organisms 
and leguminous plants, the latter appear to remove from the root- 
nodule such products of the physiological functions of the former as 
might hinder continuation of tliis process. There is reason to 
believe, as the result of recent work in tliis laboratory shortly to be 
published, that the nitrogen fixed by azotobacter in the soil is after 
its fixation at any rate partly present in the latter in the soil water. 
Accumulation of this nitrogenous organic matter in the near neigh- 
bourhood of the organisms responsible for its formation may very 
well interfere w'ith their further action either by limiting reproduc- 
tion or metabolic activity or both. This accumulation wmuld be 
prevented to some extent by movements of soil w’ater and it is 
very probable that this factor in the environmental conditions so 
far as the activity of azotobacter is concerned, may be found of 
prime importance. The apparent reduction in rate of fixation in a 
soil under crops, may be due to competition betw’een the latter and 
the nitrogen fixing organisms for such soil constituents as available 
phosphates, potash, or lime, which may be in defect in various soils, 
and any enquiry into this subject must necessarily take account of 
this possibility. 

Recent work in the Pimjab carried out by the Agricultural 
Chemist to the Government of the province, has conclusively 
demonstrated the practical importance of this question and the 
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pressing need for further work on the subject. Mr. Wilsdon, and 
Mr. Barkat AH, his Bacteriological Assistant, have found nitrogen 
fixation in certain Punjab soils amounting to an addition of as much 
as 30 per cent, to the nitrogen content of the soil during the year, 
and this in soils under wheat containing only comparatively small 
quantities of organic matter. 'Die enquiry is still at an early stage 
and the conditions determining this {astonishing nite of fixation are 
not yet known, but it is cle{ir tluit this is an outstanding Ccise of 
the kind 1 have referred to iibo\'e where some {ipparently insignificaitt 
(^{Uise has been responsible for wlnit must amount to an enormously 
potent bictor in nuiintaining the fertility of the soil, it is evident 
that could this determining factor be di.scovered, in all probabilitv 
we should be in possession of a meiins of dniwing, without undue 
expenditure of energy or of money, upon the inexhaustible supply 
of nitrogen in the air, and so {ivoiding the depletion of this soil 
(Dnstituent which is so likely to occur as a result of the adoption of 
intensive methods of cropping and cultivation now in vogue. Fot' 
this reason amongst others I would c{ill attention to the prime 
necessity of appointing soil biologi.sis to carry out work on this 
vitally important problem in every part of India ; were no other 
biologiciil problems of importance to agriculture known to require 
elucidation, this one alone would justify the expenditure necessary 
to secure its adequate investigation. 


Note.— -The results obtained in the Punjab have not yet been published, but the following 
(extract from a recent letter receivt*d from Mr. Wilsdon by the writer will be of interest : — 

“ Determinations were made of the fluctuations of total nitrogen in various Punjab soils 
during the fallow of a wheat after wheat rotation. In 1916 extraordinary amounts were fixed, 
the average for all the soils examined being as much as 58 ragm. per 100 grams of soil. The 
largest fixation was 104 mgm. in Lyallpur soil. The determinations were repeated again in 
1917 at Lyallpur only, and no increase was detected. In 1918 arrangements were made to 
extend the work over all the chief districts of the province. In most soils the nitrogen remained 
constant oi fell, but in some, fixations of 90, 20, and 16 mgm. were observed.” 

Here, os Mr. Wilsdon points out, the chief interest lies not only in the quantities of nitrogen 
fixed but in their variation in amount from year to year, thus inevitably suggesting the exisf enco 
of an unknown factor which it must be our business to determine and if possible control. 
Dr, Harrison in Madras and Mr. Warth in Burma have found evidence of similar impot taut 
additions of air nitrogen to rice soils under swamp cultivation 



THE TRUE SPHERE OF CENTRAL 
CO-OPERATIVE BANKS. 


HY 

B. ABDY COLLINS. I.C.8., 

Ltilchi l{(‘<ilxlinr of Co-operoliiv Sociefien, Bihar awl Orissa. 


In July last an article entitled the “ True Sphere of Central 
Co-operative Banks ” by Mr. B. B. Ewbank was published in the 
Agricultural Journal of India (Vol. Ill, Pt. III). To this Mr. N. K. 
Kelkar, Governor of the Central Provinces and Berar Co-operative 
Federation, has recently (Vol, XIV, Pt. I) made a reply, to which I 
propose to add a few words on behalf of the central banks of Bihar 
and Orissa. 

1 should like to start by subscribing to Mr. Ewbank’s main 
theory that our object should be to bxiild up healthy independent 
primary societies and that everything must give way to this object. 
1 agree that in so far as the present system tends to concentrate all 
power and discretion in the central bank, in so far the (central bank 
becomes “ the seat of responsibility, the checker of apjJications ” 
of individual members of societies, “ the granter of credit,” it is 
an evil, though it may in some circumstances be a necessary evil. 
On the other hand, I venture to disagree with him and even, 
it may be, though I am not quite sure of his meaning, with 
Mr. Wolff, with the former on both theory and fact and the latter 
on theory only. 

To take the theory first. I see no reason why a central bank- 
ing union should not combine propaganda, organization, and 
inspection with its banking business. Mr. Ewbank says, “ The true 
function of a central bank is simply to say ‘ yes ’ or ‘ no ' to loan 
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applications and avIich it says 'no ’to explain \rliy, in order that a 
society may know in Avhat Avay its credit is defective . . . ’J’heir 
true sphere is finance and not administration and control.” In 
the words of Mr. Wolff, “ I’he central bank is. when all has been got 
shipshape, to serve, not to be tutor to, the local banks. It is in fact 
designed to bo a ‘bank.’ In Rnro])e 1 prefer that it should 
bo a joint stock company. Its manager’s ])roper business is that of 
bankers qualifii'd to meet commercial bankers on their own ground and 
form a link between the co-ofieratiA'eand the banking world.” Kowit 
seems to me first of all t hat there is some confusion of thought in all 
this. Is the central bank being condemned because it combines 
banking with jiropaganda. organization, and inspection, or because 
it dominates the societies too much ? If it is the former 
1 am ])repared to join issue merely as a ])ure question of theory. 
Supjiose you liaAc your ” [lure ” bank which does nothing but 
say “yes” or “no. how does it get its knoAvh'dge to enable 
it to discriminate % Ajiparently from the reports of the union and 
the audit notes. If it does no inspection it must rely on these 
and become a mere machine to register the unions’ orders, 
as the Mandalay Central Bank registers thosi* of the Begistrar. 
1'hen to all intents and purposes it is the union that is doing the 
banking, only it kc'ejis a separate issue dejiartment. as it Avere. Why 
should not the two things be combined ? It is meiely a matter of 
organisation, and the adA'antages of combination are obvious. A 
banker cannot have too intimate a kiunvledge of his client's business, 
'flic more he knows the safer he is, and the better it is in the long run 
for his client. Even the idea that it is wrong for a banker to take 
the initiative in starting neAv ventures is out of date. 'I'he (Germans 
embarked on this bii.siness and Avith such success that, had they 
not been in such a hurry, they Avere about to conquer the Avorld 
by it. Every other country is now copying the goixl points of their 
system. If this intimate connection betAAcen banker and client 
works in industrial and commercial banking. Avhere the interests 
of client and banker are to this extent opposed that the banker 
thinlfs primarily of himself and his capitalist shareholders, then 
surely it will work doubly well in a series of linked co-operative 
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institutions whore the interests of client and hanher are identical. 
Therefore I say that theoretically 1 can see no objection to a central 
bank conducting propaganda, and founding and inspecting societies, 
out rather the reverse. In practice, we have the good reason 
(which Mr. Ewbank recognizes) for the combination that we have 
so few competent workers that we musf combine. There is therefore 
no need to argue the matter. 

But I do believe and always have believed that the more in- 
spection can be decentralized the better. We have found in Bihar 
and Orissa by experience that one central bank cannot finance and 
manage more than 100 to 150 societies with success without some 
intermediate link. This we hope we have found in the guarantee 
union, but some organiz<ation there must be outside the societies 
themselves which can act as guide, philosopher and friend to the 
primary societies. Too much centralization and domination is un- 
doubtedly bad— and it is a fault into which a federation or a guaran- 
tee union can fall just as easily as a central bank — ^but with our 
societies in Bihar and Orissa a strong hand from without is absolutely 
necessary at the present stage. The description which I once wrote of 
our societies, which Mr. Crosthwaite quoted in his excellent book^, will 
show how essential this is. These societies probably form a great 
contrast with most of the societies Mr. Ewbank knows in Bombay, 
and this accounts to a great extent for his different point of view. 
What we require is a benevolent despot anxious to train his subjects 
to early home rule — in fact what the Government in India claims to 
be and its critics say it is not. In my experience, as many central 
banks fail from acting the part of King Log as from playing the 
more energetic r61e of King Stork, 

So much for theory, and it is when we get to fact that I have 
more complaints to make. Mr. Ewbank’s picture of the activities 
of a central bank may be true of some provinces, but it is certainly 
not true of Bihar and Orissa. Our central banks have nothing what- 
ever to do with audit, except to see that defects pointed out in audit 
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notes are remedied. Up till now the auditors have been appointed 
and paid by Government. Our new federation will shortly take 
over their pay and appointment, but it is a federation of primary 
societies and not of central banks ; while the Registrar is cx-ojfioio 
Governor and appoints and controls all the auditors. None of the 
societies, so far as f can remember (though it is possible that there 
are one or two exceptions), are now recpiired to deposit their re- 
serve funds in centnd banks, although most of them have been 
persuaded to invest part of them in Government paper. 1 ji so far 
as they are at the mercy of central banks, they at least can, in most 
cases, if they wish, themselves direct the policy of the central bank. 
The following statement shows the number of individual members 
and societies in each of our central banks and unions and the amount 
of share capital paid up by each class : — 


Serial Name of central 


l>ate of 


Number of 

MEMBERS 


Share cafital 

PAID DP 


No. 

! society 

esUblish- 

ment 

1 

Indivi- 

duals 

; Socie- 
ties 

By indi- 
viduals 

! By 80 - 
1 cieties 

Total 



i 



Rs. 

1 lis. 

Hs. 

1 

Provincial Bank 
; Bihar G. B. 

16-3 14 

17 

27 

20.000 

86,000 

106,00(1 

*2 

8 1M1 


77 

5.830 

4.884 

10,714 

» 

! Barh C. B. 

30-9-13 

69 

i 72 

6.840 

9.924 

16.764 

4 

Gaya C. B. 

6-6-13 

60 

HI 

9.480 

4.610 

14.090 

5 

Nawacta C. B. 

)4-6-10 i 

76 

180 

lO.lXKI 

9.660 

19.660 

17,418 

6 

Jehanabad 0. B. 

13-10-13 ! 

57 

! 122 

8,050 

9,368 

7 

Auraimabad C. B 

Ilf uzaftari^r G. B. 
Siwan 0. B. 

1911-14 ; 

88 

69 

2,4IK) 

2,596 

4.996 

8 

24-6-1.3 ! 

80 

67 

9,950 

5, 2’^ 

16,170 

9 

24-2-15 ! 

51 

84 

7,550 

6,052 

13,602 

10 

GopalfiranJ G. B. 

; Ronika union 

223.17 

50 

29 

2.440 

1,112 

3,552 

11 

21-12 09 

13 

m . 


11,776 

11,776 

12 

: Daiilatpur C. B. 

136-14 

22 

) 84 : 

32,476 

6,034 

.38.509 

18 

' Bhasalpur G. B. . ' 

1 Bfadbipura G. B. 

12-513 

m 

I 

9,620 

1.370 

10,990 

14 

2-9 11 

95 
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11,082 

27,2621 

15 

j Siipaul C. B. 

30 6-14 

Gl 

42 i 

7,220 

2.766 

9.986 

16 

Banka G. B. 

5-1016 j 

13 

! i 

960 

690 

1,650 

17 

PurneaC. B. 

17-314 ! 

67 

1 40 

8,710 

2,488 

11,198 

IH 

RanohiO. B. 

10.610 i 

63 

1 155 ' 

3,628 

3,820 

7,448 

19 

Banki Unioo 

26 3-10 


1 80 

21,270 

21,270 

20 

JajparC. B. 

30-10-14 

53 

1 48 

6.‘2r,0 

1,804 

8.054 

21 

Khurda G. B. 

22-3 12 ' 

45 

! 62 

3,598 1 

8,602 

12.100 

22 

23 ' 

24 

25 i 

( 

Balaiore C. B. 
Kendrapara C. B. ... 
Cuttack 0* B 

Bettiah C. B, 
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29-6-181 
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Except in the case of the provincial bank, eRcth member and 
each society has only one vote whatever shams may be held, 
and it is therefore only a few years in each area before the societies 
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have the real power, if they c-aii learn to use it. Already they are 
beginning to make tlieir weight felt in some areas and it will not be 
long before this tendency will greatly develop. 

As for the assessment of (;redit, central banks do not assess tlie 
credit of individual members. This is fixed at the annual general 
meeting of the primary society under the presidency of a director 
of the 1 ‘entral bank, the manager or, if it exists, a representative 
of the guarantee union. Without such guidance, in most of our 
societies such meetings would be a farce, for the simple reason 
that only one or perhaps two of the members (.‘an read and write, 
and these members, even if capable of conducting a general 
meeting aci^ordingto rule, inevitably tend consciously or unconsciously 
to abuse their position of \'antage. 'I'lie results of these meetings, duly 
communicated to the central liank, enalile it to fix a credit for the 
society as a whole and to see that no individual member transgresses 
the limit imposed without recourse to a special general meeting. 

Mr. Wolff’s objection that a central bank’s proper business 
is to fonn a link with the comn'ercial world hardly applies in India, 
where this link is found in the provincial bank, which provides 
professional banking experience and joins u]) tlie societies of the 
province with the money market. 'J'o Mr. Willoughby 1 would say that 
he has obviously got the wrong type of men as directors. What 
we find in Bihar is that the best directorate is a mixture of town 
dwellers and small landholders resident on their estates. Wher- 
ever the latter can be secured, our central banks do excellent work. 
Where they are not iorthcoming, as is usually the ca.se in central 
banks situated at the headquarters of districts, central banks fail- 
but from doing too little and not from doing too much and the 
Registrar may'have to replace them by banking unions of the pure 
t}"pe, or to arrange to finance groups of guarantee unions direct 
from the provincial bank. 

The gist of my reply to Mr. Ewbank is, therefore, that I dispute 
his theory that it is wrong to combine co-operative banking with pro- 
paganda, organization, and inspection, and that so far as Bihar and 
Orissa is concerned some of his facts are not correct. All the same 
he'has done us all a serA'icc* in bringing prominently before the public 
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a danger against which constant warnings have been sounded in our 
province. If central banks, guarantee unions, or federations 
centralize, more than is absolutely necessary, either finance or 
control, the peasants of India, always ready to rely on Government 
assistance, will never learn to think for themselves and to manage 
their own affairs. They must have advice and control, but in their 
own villages and not at headquarters, and this advice and control 
must take the form of making them themselves decide their own 
policy, whether in respect of new members, or personal credit or 
what not. If they do this under guidance, in time they will learn 
to do it themselves ; otherwise co-operation will never rise above 
the level of a semi-official tdkavi. 



sectional meetings of the board op 

AGRICULTURE IN INDIA. 

J. THK THIRD ENTOMOLOGICAL MEETING. 

The Third Entomological Meeting was held at Pusa from 3rd 
to 15th February, 1919, and was attended by upwards of fifty 
delegates interested in the various aspects of entomological work 
in India. Besides the Pusa staff of the Entomological Section, 
the Agricultural Departments were represented by delegates from 
Assam, Bengal, Bihar and Orissa, the United Provinces, the North- 
West Frontier Province, Bombay, the Central Provinces, and Madras, 
as well as from Hyderabad, Baroda, Central India, Patiala, Mysore, 
and Travancore. The Forest Department and the Indian Tea 
Association also sent representatives in the persons of Mr. C. Beeson. 
Forest Zoologist, and Mr. E. A. Andrews. Entomologist to the 
Indian 'I’ea Association, whilst Captain Froilano de Mello attended 
as a delegate from Portuguese India. This was also the first of 
these Sectional Meetings to attract visitors from outside of India, 
the Egyptian Government sending an official delegate in Dr. Lewis 
H. Gough, Director of the Entomological Service in Egypt, and 
Mr. R. Senior- White attendiiig from Ceylon. 

The proceedings were opened by Mr. J. Macketma, C.I.E., I.C.S., 
Agricultural Adviser to the Government of India, in a short speech 
in which he welcomed the visitors to the meeting and dwelt on the 
importance of the development of entomological work in India. 
The Chainnan, Mr. T. Bainbrigge Fletcher, Imperial Entomologist, 
then delivered an opening address, in which he welcomed to the 
meeting the nmny delegates from India, Ceylon, and Egypt, and 
explained that this meeting partook of a more formal character 
than the preceding ones held in 1916 and 1917, inasmuch as the 
sdieme of holding such meetings had recently been regularized 

( 226 ) 
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by the Tenth Board of Agriculture in a resolution approved by 
Government, and that one effect of such formality would be the 
appointment of committees to report on particular questions and 
the adoption of resolutions in cases where a subject was of sufficient 
importance and there was a clear preponderance of considered opinion 
regarding it. A tribute was also paid to the memory of the late 
K. J. Woodhouse and 0. W. Mason, two former co-workers iiv Indian 
entomology, whose deaths have occurred since the last meeting, 
and a formal resolution expressive of this was put before the meeting 
and passed in silence, all standing. 'iHie Chairman next called 
attention to the suggestions made from more than one direction 
that an Entomological Swiety might be formed in India, and asked 
the meeting for a collective opinion on the subject of the treatment 
to be accorded to German workers and German entomological 
literature in the future, and emphasized the need for some restrictions 
in the output of entomological literature both as regards the numbers 
of periodicals and the languages in which publication should be 
permissible. Dealing with the war in connection with entomology, 
he showed how the adoption of scientific methods, amongst which 
entomological research must be included, have reduced to a c;om- 
paratively trifling proportion the preventible losses due to insect- 
borne diseases, and the enormous losses still due to insects in coimec- 
tion with military stores and foodstuffs. After pointing out how 
insects have anticipated the most recent developments of the 
“ camouflage ” princ iple and other so-called modern inventions, 
such as the process of paper-making from wood-pulp, he touched 
lightly on the subject of the control of crop-pests and pointed out the 
importance of an accumulation of exact records of occurrence to 
enable outbreaks of pests to be forecasted in the future, and then 
briefly reviewed the progranune before the meeting. 

The programme, which comprised ninety-two papers, was 
divided into twelve sections, each paper being read either in whole 
or in part or in abstract and being then open to discussion by the 
meeting as a whole. 

The Fii-st Section was devoted to Agricultural Entomology, 
on which subject no less than thirty-seven papers were offered. 
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In a short note it is obviously impossible to mention all of these 
even by name. The first paper taken, on the control of insect pests, 
by Mr. E. A; Andrews, was not, as its title apparently indicated, a 
general treatise on pest control, but dealt with certain problems 
which were found to arise in connection with the control of parti- 
cular insect pests of tea in North-East India, and emphasized that 
effective methods of control cannot be devised unless accompanied 
by a thorough acquaintance, not only with the life-history of the 
insect, but with its relation t() the plant attacked in all circumstances, 
and of the behaviour of the plant under different methods of culti- 
vation and the nature of its response to environmental conditions 
and to modifications of existing agricultural practices, bi another 
paper Mr. Andrews also described the recent work done on Helo- 
peltis theivora, the “ Tea-mosquito ” of Assam, wliiLst Dr. T. Shiraki, 
of the Agricultural Iilxperiment Btation at Taihokii in Formosa, 
sent a paper on insect pests of the tea plant in Formosa, many of 
these being identical with those found in India. 

The backbone of the meeting was provided by an annotated list 
of general crop-pests, by Mr. T. Bainbrigge Fletcher, this comprising 
a list in systematic order of all insects known or reasonably suspected 
to cause damage to cultivated plants in India, with a short summary 
of our present knowledge of each insect. Specimens of the various 
insects had been got together beforehand in c-abinet drawers, which 
were handed around the meeting so that all might see the insects 
concerned, and as each insect was brought forward the delegates 
were invited to add any further information regarding it, many of the 
papers on particular insects being taken during the discussion rm 
these crop-pests. 

The insect pests of cotton were dealt with in several papers. 
Messrs. Bainbrigge Fletcher and Misra gave a short account of the 
experiments carried out at Pusa to test the relative immunity of 
different varieties of cotton to attack by bollworms. Dr. Lewis 
H. Gough, Director of the Egyptian Entomological Service, gave a 
most interesting account, illustrated by lantern slides, of the work 
done in Egypt against Platyedra gdssypiella, the Pink Bollworm, 
which was introduced into Egypt from India a few years ago and 
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has since proved a very serious pest. Mr. F. G. Willcocks, Entomo- 
logist to the Sultauic Agricultural Society in Egypt, also sent a very 
interesting paper on experiments on the survival of resting-stage 
larvae of the Pink Bollworm in ripe damaged cotton bolls buried 
at different depths. Attacked bolls were buried at various depths 
in bare fallow land and in land cultivated with wheat and bersim 
and, even in cases where a crop of bersim had been grown and 
irrigated and finally cut, larvae were found to have survived in the 
buried bolls. An experiment of this sort shows how easily these 
Pink BollworiTi larva* may be carried over from year to year in fallen 
bolls in cotton-fields in India. 

Cane-borers formed the subject of a special paper, by Messrs. 
T. Bainbiigge Fletcher and C. (!. Ghosh, in which all available 
information was summai ized and the distinctions between the various 
borers pointed out. 

Fruit-pests were dealt with in the list of general crop-pests and 
the information was also summarized by Mr. S. Misra in a list 
of the various fruit-trees with the pests of each. Mr. D. T. Fullaway 
sent a paper on the control of the Melon-fly in Hawaii by a parasite 
introduced from India ; this parasite {Opiiia fletcheri) was collected 
at Bangalore by Mr. Fullaway, who successfully introduced it into 
Honolulu, with the result that the infestation of cucurbits by fruit- 
flies has now been reduced by fifty per cent. 

Although not strictly insects, crabs formed the subject for two 
papers, by Messrs. C. C. Ghosh and K. 1). Shroff, on crabs principally 
in their role as pests of the rice-plant, and the discussion on these 
papers elicited several facts of considerable intere.st. 

Section 11 was devoted to Forest Entomology, on which 
Mr. C. Beeson, Forest Zoologist, read a very interesting paper on 
some problems in forest insect control, in which he dealt with 
the work being done on certain insects. 

Section IV dealt with Household and Store Pests and included 
two papers, by Messrs. T. Bainbrigge Fletcher and C. 0. Ghosh, 
on the preservation of tinrber against termites and on stored grain 
pests. The former dealt with the experiments with various pre- 
parations tested at Pusa during the last eight years, the results 
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attained corroborating those obtained at Dehra lJun by Mr. Pearson. 
I’he latter gave an account of the Pusa experiments on grain 
storage, and it was shown that grains stored under a layer of 
sand remained practically immune from attack by insect pests. 
Mr. K. Kunhi Kannan contributed a note on the insecticidal 
property of mercury, in which he stated that in Mysore it is the 
custom to store a little mer<;ury witli grains to avert insect attack 
and that experiments showed that the mercury prevented pests 
from breeding and so acted as a protection, although its exact 
manner of acting was not yet understood. Mr. Ram Rao 
S. Kasergode read a paper on the methods of sttu'ing potatoes to 
prevent insect attack and gave a description of the methods found 
effective at Poona. 

Subject V, Bee-keeping, comprised a paper on bee-keeping 
in India, by Mr. C. C. Ghosh. Dr. Gough also gave an account of 
the methods of bee-keeping in Egypt and particularly of the enemies 
of bees there and of the methods adopted against them. A dis- 
cussion on the means of improvement of bee-keeping in India led 
to the passing of a resolution that, in view of the danger of the 
introduction into India of bee-diseases by the uiu’estricted importa- 
tion of bees, beeswax and honey, such importation should only be 
permitted under necessary restrictions. 

Subject VI, Lac, included a paper on lac-culture in India 
by Mr. C. S. Misra, and Subject VII, Silk, included several papers 
on sericulture. Mr. M. N. De gave a short account of the Pusa 
experiments on the improvement of mulberry silkworms, and 
also a paper on the best method of eliminating pebrine from multi- 
voltine silkworm races. The subject of pebruie was also dealt 
with by Mr. C. M. Hutchinson, Imperial Agricultural Bacteriologist, 
who gave a most illuminating lantern-lecture on his researches 
on pebrine. At the general meeting the subject of pebrine gave 
rise to an animated discussion which was undoubtedly of benefit 
to all concerned. In this section also Mr. C. M. Inglis gave an 
exhibition of specimens and drawings of Indian wild silkmoths, whibt 
Mr. J. Henry Watson sent a note on the life-history of Cdigula 
oadkara. 
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Subject VIII dealt with Life-Iiistories and Bionomics, on which 
twenty-one papers were communicated. Major F. C. Fraser, I.M.S., 
exhibited a large series of drawings showing the early stages of 
Indian butterflies, many of whicli have nf)t been described hitherto ; 
in a paper on night-flying dragonflies he also called attention to the 
fact that some species of dragonflies fly naturally only in the evening 
and that most of these species are of consideral>le economic impor- 
tance as feeding largely on mosepntos. In a paper on the forms of 
Papilio poljftes, Professor E. B. Poulton, F.R.8., called attention 
to the interesting field in reseandi offered by this butterfly with its 
three very distinct forms of female, of which two forms mimic 
protected swallow-tails. .Mr. K. A. d’Abreu gave a sumnxarized 
account of his investigations on the insect prey of birds in the 
Central Provinces, another subject on which very little is on record 
in India. The subject of rearing of insects was dealt with bv 
Messrs. Bainbrigge Fletcher and Ghosh, who gave an account of 
the methods used at Pusa, and by Mr. C. Beeson, who described 
the breeding cages and general insectary technique used for 
rearing wood-boring insects at Dehra Dun, and these papers 
were supplemented by a description by Mr. Andrews of the rear- 
ing methods adopted at the Tocklai Experimental Station. The 
other papers in this section dealt mainly with life-hist-ories of Indian 
insects. 

Subject IX dealt with the Collection and Preservation of Insect 
Specimens with especial reference to India, and in a long paper on 
this subject Mr, Bainbrigge Flet(-her gave a series of hints based on 
twenty years' experience of collecting insects in hot climates. 
Dr. E. II. Hankin exhibited specimens of specially prepared glass 
boxes for preserving insect specimens, and Dr. D. Sharp, F.R.S., 
contributed a note on the importance of collecting. 

Subject X, Systematic Entomology, included eleven papers, 
of which we have only space to refer to a few. Mr. E. Meyrick, 
F.R.S., contributed a sketch of our present knowledge of Indian 
Microlepidoptera, a subject on which he has been working for 
the past fifteen years, and in a lantern-lecture Captain Froilano de 
Mello gave an account of some Trichonymphid parasites of Indian 
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termites. The question of the desirability and practicability of the 
preparation and publication of a general catalogue of all described 
Indian insects formed tlie subject of report by a committee, whose 
report was approved by the meeting in a resolution endorsing the 
desirability of this and appointing a standing committee to take 
the necessary steps to carry out this project. 

Subject XI dealt with Publications, the first item taken being 
a note by Mr. C. Beeson on the decimal method of indexing ento- 
mological literature. This led to a discussion which culminated 
in a resolution c.oncerning the desirability of the adoption of a 
standard classification of entomological literature for India. Jn a 
paper on suggestions regarding publication of communications on 
Indian insects, Mr. C?. €. (Ihosh recomniended the establishment of an 
Entomological Journal for India and after considerable discussion 
this suggestion was endorsed by a resolution passed by a majority 
of the meeting, but another resolution postponed any action in this 
matter being undertaken for the present. A paper describing the 
methods to be used in preparation and those employed in reproduc- 
tion of scientific illustration- work was contributed by Mr. A. W. 
Slater, Manager of the Calcutta Phototype Company, and illustrated 
with figures showing the effect of correct and incorrect preparation 
of illustrations. 

Subject Xll, Miscellaneous, included any items not included 
in any of the other sections. In a note on plant imports, Mr. 
Bainbrigge Fletcher described the legislative restrictions on the 
importation of plants into India imposed by Act 11 of 1914 and the 
actual methods employed in working this Act. A general discussion 
on entomological education in Provincial Agricultural Colleges was 
initiated in a committee formed of all those engaged in teaching 
work of this kind, and a report drawn up by this committee was 
approved by a resolution of the general meeting, to the effect that 
all Agricultural Colleges should make provision for the teaching of 
entomology, and that the teaching should be of a practical nature. 

A paper by Mr. C. C. Ghosh on some aspects of economic entomology 
in India, in wliich he drew attention to the facility with which 
dhtomological subjects could be used for the teaching of Nature 
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study, led to the passing of a resolution suggesting that entomology 
should figure prominently in all courses of Nature study, that primary 
school readers should c-ontain simply written accounts of (uunmon 
local insects, and that the help of entomological workers should 
be enlisted in the preparation of such accounts in readers or text- 
books. The subject of the orgatiization of entomological work in 
India was considered by a (;ommittee which drew up a report 
which, after consideration of Appendix K to the Indian Industrial 
Commission’s Repoi-t, affirmed the desirability of the centralization 
of entomological research work i?i India, but considered that the 
dijuensions of the proposed entomological servnee are not large 
enough and that provincial staffs will be required in addition 
to the staff of the (’eptral Institute. As regards the employ- 
ment of these provincial staffs, whether under the local depart- 
mental authorities or directly under the Entomological Institute, 
there was considerable difference of opinion and there were also 
differences of opinion regarding the most suitable location of the 
Entomological Institute, but as these differences were clearly 
shown in the report of the committee on this subject, the report 
was approved unanimously by the general meeting after consider- 
able discussion. 

The meeting concluded by various speeches which elicited 
the speakers’ views that these meetings are of very real value 
to the various entomological workers sc-attered throughout India 
and that, of all those held so far, this third meeting has been the 
most successful. Indeed, if imitation be truly the sincerest form of 
flattery, the entomologists may congratulate themselves on having 
given a lead to other workers in the matter of these sectional meetings. 

A full report of the proceedings of this meeting is how in 
preparation and will be issued in due course. 

II. THE SECOND MYCOLOGICAL MEETING. 

The Second Mycological Meeting was held at Pusa from 20th 
to 24th February and was attended by official representatives 
from the Agricultural Departments in the different provinces and 
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Native States, tlie Forest Research Institute, Dehra Dun, and the 
mycological stsiff of the Agi'icultural Researcli Institute, Pusa. Iji 
addition to these the meeting had the advantage of the presence 
of Capt. Froilano de Mello, Director of the Bacteriological Labora- 
tory, Nova Goa, Portuguese India, and of Mr. A. 0. Tunstall, 
Mycologist to the Indian Tea Association. 

The meeting was opened by Mr. J. Mackenna, C.I.F., I.C.S., 
Agricultural Adviser to the Govermuent of India. In his opening 
speech Mr. Mackenna extended a hearty welcome to all visitors to 
the meeting and said that mycology was a braiudi of agricultural 
science which was still something of a mystery to the cultivator 
and the general public. However, there were now many cheap and 
effective remedies against fungal diseases of which the success and 
popularity of the steeping oi joimr (.4. Sonfhum) seed with (-opper 
sulphate, as a preventive against .smut, was a striking exaniple. 
Since the last meeting an event of considerable importance to myco- 
logists had been the publication of Dr. Butler’s book on “ Fungi and 
Disease in Plants.” 

In introducing the subjects for disc\ission Dr. Butler said 
that the Second Mycological Meeting was being held under a some- 
what more definite constitution than on the last occasion, since the 
policy of holding sectional meetings, advocated at the last meeting 
of the Board of Agriculture, had been accepted by the Government 
of India. He thought that the attention of the present meeting 
should be directed to the more important mycological problems in 
India and, in view of the present economic crisis in the world’s 
food-supply, that they should concentrate as far as possible on the 
major diseases of food crops and the means of combating their 
ravages. 

In this connection he would like to call attention to the work 
of the War Emergency Board of American Plant Pathologists. 
This body was formed a little over a year ago with the object of 
stimulating and accelerating phytopathological work in America, 
to the end that, in this present world crisis, the reduction of crop 
losses from diseases should be made most effective as a factor in the 
increase of our food supply. Of the extent of those losses the 
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following figures compiled by the Board for the United States alone 
in 1917 gave some indication — 


WbMt 

... 6I,440,000 bushels. 

Kye 

... 2,685,000 

ft 

Barl^ ... 

... 12,252,000 

♦ # 

Oati 

... 153,973.000 

ft 

Maise 

... 175,814,000 

ft 

Total cereal lost 

... 4(»,aM.OOO 

ft 

Potatoea 

• ... 117,174,000 

It 

Beans 

... 2,528,000 

•t 

Sweet potatoes 

... 41,707,000 

tt 


And this was in a year which was not an especially bad one as 
far as diseases were concerned. These estimates had been most 
carefully framed and were said to be the most reliable that had ever 
been made. Had oat smut been completely controlled (and they 
all knew that it could be so controlled), the amount of this cereal 
exported to the allies and neutral nations could have been almost 
doubled, while twice as usual maize was lost from smut as was 
exported. In India the losses due to plant disease were at least 
equal to those recorded elsewhere. Thus in Bombay Presidency 
alone the losses from smut of jowar were estimated at one million 
sterling annually — a Iom which it was quite feasible to control. 

At the conclusion of Dr. Butler’s speech the meeting passed a 
resolution expressing its gratitude at the generous offer of assistance 
received from the War Emergency Board and welcoming the 
opportunity of co-operating in mycological work with the scientists 
of an allied nation. 

The meeting then proceeded to the discussion of Subject I — 
a survey of the diseases of plants in the different provinces. 
Under this head it was decided to consider, one after another, the 
major crops and their fungal diseases. 

The storage rots of potato first occupied the attention of the 
meeting. The importance of a proper method of storage was 
insisted upon by many speakers. The experience of the military 
authorities in India, and the shortage of potatoes in Uermany 
during the first year of the war, alike illustrated the essential charac- 
ter of this point. In India a private firm in Poona had set up an 
efficient system of sorting, fumigating and pa clfing seed potatoes 
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for Mesopotamia, a work in which they had been greatly helped by 
the mycological staff at Poona. 

There was some discussion on the incidence of ring disease, 
scab and other fungal troubles of the potato and the meeting then 
passed on to the consideration of diseases of cereals. 

Among cereal diseases one of the most important for India 
was smut of jowar. This disease cotild be completely controlled 
by seed steeping in a solution of copper sulphate and a great deal 
of time and energy was being expended by the Departments of 
Agriculture in Madras, Bombay, and the Central Provinces in spread- 
ing this treatment among the cultivators. In Bombay alone 
40j0()0-50,000 one-anna-packets of copper sulphate were sold annu- 
ally. In fact, as one member of the Bombay Agricultural Depart- 
metit expressed it, “ the district agricultural officers go out into the 
countryside to spread the gospel of agricultural improvement bearing 
an iron plough in one hand and a packet of copper sulphate in the 
other.” The rust and smut diseases of wheat caused a considerable 
amount of loss in all parts of India and the introduction of resistant 
varieties of wheat was evidently one of the most promising lines of 
work. A variety of Australian wheat called Federation had been 
introduced at Peshawar and was found very resistant to both smut 
and rust. The varieties Pusa 4 and Pusa 12 were also resistant to 
rust, although the former was susceptible to smut in Peshawar. 
It was evident that the problem of rust-resistance in wheat was one 
which varied in different localities. For a country the size of 
India it did not appear likely that wheats bred in any one centre 
would be resistant to rust throughout the whole continent. 

The most important Indian cereal — ^paddy — ^was fortunately 
very free from serious fungal diseases. An epidemic of “ blast ” 
had occurred locally in Madras during one season but had not 
re-appeared since. 

The meeting next discussed diseases of sugarcane. The most 
important disease was red rot. In Madras a method of stool selec- 
tion had given excellent results and had reduced the inf ection to 
1 per cent. On Pusa Farm only set selection had been practised and 
by this method the disease could not be reduced below 10 per : cen't* 
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Smut of sugarcane, although a disease of minor importance, was of 
great scientific interest as the method of infection had just been 
discovered at Pusa. 

Other crops which were discussed were gram, chillies, cotton, 
jute and others. In the case of the wilt disease of gram and pigeon 
pea the results now being obtained from the pennanent manurial 
experiments on Pusa Farm were of great interest. It was becoming 
apparent that the incidence of wilt in pigeon pea was considerably 
influenced by the manurial treatment. Chilli diseases were very 
common in Bihar and experiments at Pusa had shown that a great 
deal to control them could be done by spraying. 

The first day’s session terminated at the conclusion of this 
discussion on the major crop diseases. 

At the second session the meeting discussed Subject II, the 
proposal to form an Imperial Bureau of Mycology in England with 
special reference to the directions in which the Bureau might be 
useful to colonial and Indian mycologists. During this discussion 
it was evident that all members of the meeting were in agreement 
as to the very real need for such an institution. Previous to the 
outbreak of war, mycologists in India and the colonies had been 
largely dependent upon foreign countries for assistance in certain 
branches of their work. This assistance had in the case of enemy 
countries been cut ofi during the last four years and it was now 
impossible to resume the old relations. It was agreed that the 
duties of the new Bureau should be : — 

(1) to organize a system for the prompt identification of all 

injurious fungi for Departments of Agriculture and 
other similar bodies ; 

(2) to publish a periodical for summarizing current literature 

on plant diseases, British and foreign ; 

(3) to prepare and keep up-to-date classified lists of references 

to the past and present literature of the subject, 
and to establish a library ; 

(4) to answer enquiries from plant pathologists. 

The meeting was also in favour of the laboratories of the Impe- 
rial Bureau of Mycology being open to such colonial and Indian 
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mycologists as were desirous of carrying out mycological research 
during their periods of leave. At the same time the meeting empha- 
sized the importance of research work in colonial and tropical 
phytopathology being done on the spot, and held that it would 
not be desirable for the Imperial Bureau of Mycology to engage 
directly in research work, other than work of systematic nature, on 
tropical diseases. At the conclusion of this discussion Mr. Mackenna 
asked that in view of the importance of the subject a copy of the 
minutes might be forwarded to him for submission to the Govern- 
ment of India. 

The meeting next considered Subject III, the spraying of crops. 
Interesting accounts of the spraying of tea in Assam, vines in 
Bombay, areca palm in Madras and Mysore, and fruit orchards in 
Peshawar and Kumaon were given to the meeting by the members 
interested in the subject. Prom a financial point of view the 
spraying of vines in Bombay Presidency was perhaps the most 
successful instance. Spraying had in this case made the vineyard 
a certain source of large profit to the owner, whereas it had formerly 
been a risky speculation. All who had had experience of spraying 
in India during the last few years agreed that the difl&culty in 
obtaining sprayers and their high prices had been limiting factors in 
the extension of spraying. The successful manufacture of sprayers 
in Mysore was a matter of great importance and it was generally 
regretted that these sprayers were not yet open to purchase by the 
public. 

The formal session on the second day terminated at point 
and the members spent the remainder of the day in the mycological 
laboratory examining specimens and seeing such research work as 
was in progress. In the evening Capt. Froilano de Mello delivered 
a lecture on Medical Mycosis. Captain de Mello’s account of human 
diseases of fungal origin opened up a new, and fascinating, branch of 
mycology to most members of the meeting. An excellent scales of 
lantern slides illustrated the lecture and the fortunate discovery 
by Capt. de Mello that several members of the menial staff possessed, 
on their persons, excellent examples of dermatomycosis enabled him 

to give a demonstration in laboratory technique. 
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The third session opened with the discussion of Subject IV — 
diseases of planters’ crops. 

In discussing the organization of mycological research for 
planting industries the meeting considered the system in vogue in 
the Federated Malay States where a large plantation was run as an 
experimental station and the profits were utilized towards scientific 
research. In the Federated Malay States such experimental stations 
yielded a profit which nearly met the cost of the local Agricultural 
Department. The meeting generally agreed that this system was 
excellent, provided that there was no attempt on the part of Govern- 
ment to subordinate the research interest to profit making. 

After a detailed consideration of the various diseases of coffee, 
tea, and rubber, the meeting proceeded to discuss Subject V — ^myco- 
logical education in provincial colleges. 

The representative of each province in turn gave the meeting 
a brief account of the standard of mycological education in his 
Provincial Agricultural College. 

‘Apart from the official courses in mycology in the Agricultural 
Colleges an interesting new departure was the attempt to establish 
a mycological class for “ estate writers ” at Coimbatore. The object 
was to train Indians from rubber estates to carry out plant patho- 
logical observations and plant sanitation on the plantations where 
they were employed. These courses had been running for two years 
and were very successful. After training, the men were placed in 
charge of “ pest gangs ” on the estate and were responsible for 
operations against fungal diseases. The vernacular course in sugar- 
cane culture and the course in arboriculture at Poona, were other 
instances of this type of instruction. 

The meeting was greatly interested in an exhibit of models of 
plant diseases which were used in the courses at Coimbatore. These 
models, which were superior to anything imported from Europe, 
were made locally and there was a general desire that arrangements 
might be made so that such models could be purchased by other 
colleges. 

The lack of mycological education in Indian Universities was 
generally regretted by the meeting. It was considered that 
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sucli education as existed was of a type which attached too much 
importance to a mere book knowledge of European types and laid 
too little stress on the necessity for a knowledge of Indian fungi. 

The last matter discussed was Subject VI — the application 
of genetics to the control of plant disease. The meeting 
considered that this subject was one which offered peculiar scope 
for development in India. It was pointed out that in Europe 
the efforts of generations of nurserymen engaged in breeding new 
varieties of plants for commercial profit had resulted in the more or 
less unconscious selection of disease-resistant races. Thus there 
was a relatively restricted field for the scientist. In India, however, 
the crops had not been the object of improvement by nurserymen 
and therefore more rapid results might be expected than could be 
obtained in highly civilized countries. Wheats which were more 
or less resistant to rust had already been bred at Pusa and a very 
resistant Australian wheat had been introduced at Peshawar. The 
meeting agreed that, while the application of genetics to the 
control of plant disease was a matter at present scarcely developed 
in India, each member should note during the next two years 
any direction in which it appeared that this method could be 
utilized and should bring up the case for discussion at the next 
meeting. 

This concluded the formal proceedings of the meeting. A small 
comnvittee sat later to consider diseases of rubber and in the evening 
Mr. Kulkarni gave a lantern lecture of the type which he was in the 
habit of delivering to cultivators in Bombay. Mr. Kulkarni ex- 
plained how he kept the attention of his audience by enlivening the 
details of fungal diseases with lantern slides showing scenes from 
Europe,, pictures of cattle, steam ploughs, etc., which would be 
likely to interest the ryots. 

The proceedings terminated with an informal meeting in the 
Mycological Section, on 24th February, for the discussion of 
matters of laboratory, technique and an exhibition of spraying 
machinery. 

A detailed report of the proceedings will be issued in due 

coarse.’ 
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III. THE FIRST CHEMICAL MEETING. 

The first meeting of Agricultural Chemists and Bacteriologists 
in India was held at Pusa from the 24th to 28th February, 1919, 
under the chairmanship of Dr. W. II. Harrison, Imperial Agricultural 
Chemist. It was attended by the Agricultural Chemists of all 
provinces, and also by Mr. W. A. Davis, Indigo Research Chemist, 
Mr. C. M. Hutchinson, Imperial Agricultural Bacteriologist, and 
Mr. R. D. Anstead, Deputy Director for Planting Districts, Madras. 
The meeting was opened by Mr. J. Mackemia, C.I.E., I.C.S., 
Agricultural Advisor to the Government of India, who welcomed the 
delegates and emphasized the value of such meetings in relation to 
the future development of the investigation of Indian agricultural 
problenrs. 

There were ten subjects down for discussion. These may be 
broadly stated as follows : — 

(1) References from the Government of India. 

(2) Consideration of facilities for the development of indus- 

trial problems arising out of the successful researches 
of Agricultural Chemists and the provision of specia- 
lized laboratories for the investigation of problems 
of general importance. 

(3) Questions regarding the Service of Agricultural Chemists, 

their duties, and the technique of their work. 

(4) Post-graduate teaclung in agricultural chemistrj'^ at Pusa. 

(5) Bacteriological subjects. 

It will be remembered that the Board of Agriculture in India, 
at its meeting held at Poona in 1917, passed a resolution that in its 
opinion the time had arrived wlien some form of legislation was neces- 
sary to regulate the sale of fertilizers in India in order to protect 
both the planting industries and the Indian cultivator. The Govern- 
ment of India requested the meeting to frame a draft Fertilizer 
Act applicable to Indian conditions. This was accordingly done, 
the Fertilizer and Feeding Stuffs Act in force in the United Kingdom 
being taken as a model and suitable modifications made therein. 
The other reference from Government for detailed consideration was 
Resolution VIII of the same Board dealing with the question 
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of reducing the present railway freight for the carriage of manures. 
To any one acquainted with conditions in this country, the impor- 
tance of increasing the use of concentrated manures as a part of the 
general agricultural development of the country is obvious. Among 
the causes which operate against the extended use of the manures 
is the fact that manures have to be carried over long distances from 
the centres of supply to make them available to cultivators. Fur- 
ther, the demand of the individual cultivator is mainly for small 
consignments of manure, and in view of the caste prejudices prevalent 
in the country many fertilizers, such as bone-meal, dried blood, 
and poudrette, are classed by the railway companies as offensive 
goods. Again, there is no uniformity in the rates charged at present 
by the various railways for the carriage of manures. After a due 
consideration of the various difficulties it was resolved that the 
Railway Board be asked to arrange that the present minimum rate 
of 1/1 0th pie per maund per mile should be charged in all cases on 
minimum waggon loads of such concentrated manures, and that the 
Provincial Agricultural Departments should encourage the formation 
of local distribution centres so as to build up a regulated traffic which 
is capable of taking full advantage of the concession of the minimum 
rate. 

It very often happens that the research work of an Agricultural 
Chemist or Bacteriologist leads up to a problem of industrial impor- 
tance which he is obliged to give up because there is no suitable 
technological laboratory for carrying it to a successful commercial 
issue. The work done on malt extracts in the Coimbatore laboratory, 
and on saltpetre, indigo, etc., at Pusa, are instances in point. The 
creation of a technological laboratory as one of the special sections of 
the Imperial Agricultural Department under the Government of 
India where such subjects of industrial importance can be carried 
to a successful commercial issue was therefore recommended by the 
meeting. 

There are again numerous problems which though not directly 
industrial are still of great importance in connection with agriculture. 
Among such problems requiring immediate consideration are, 
(1) ammal nutrition, (2) soil physics, and (3) vegetable biological 
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chemistry, but there are neither specialized laboratories nor suitable 
staffs to undertake this work. The meeting recognized the need 
for the provision of such laboratories with separate staffs under the 
Government of India for the investigation of such problems of 
general application. It was felt that the location of these labora- 
tories should be determined by the particular requirements, as 
regards, for instance, the need for collaboration of their staffs with 
other departments, sections, climatic and other conditions and 
they need not necessarily be at Pusa. 

The proposal made in the Report of the Indian Industrial 
Commission for the formation of a Chemists’ Service was not accepted 
by the meeting mainly because intense local knowledge is required 
for effective work for agricultural improvement by chemical methods, 
and it is not desirable that the Chemists in the Agricultural Depart- 
ments should be formed into a Service apart from the Indian Agricul- 
tural Service, in wliich the bond of union would be the Science rather 
tlian its application. On the other hand the meeting was definitely 
of the opinion that in addition to the Agricultural Chenu'sts attached 
to the Provincial Departments a strong central body of chemists 
should be maintained by the Imperial Department of Agriculture 
from whom Provincial Departments can draw for the investigation 
of special problems. 

With the rapid expansion of chemical investigations in the 
■provinces it has become necessary to relieve the Agricultural Chemists 
of the teaching work so that they may be enabled to devote more of 
their time to research work. The meeting, therefore, reconuuended 
duplication of the chemical staff for the adequate pursuit of research 
and teaching. In the opinion of the meeting the duties of the Agri- 
cultural Chemist as opposed to the Professor of Chemistry should be 
primarily limited to the research and executive side only, giving such 
assistance in teaching as nwy arise out of his research and which 
fits in with the college course. The teaching officers should also be 
given opportunities to engage in research work. 

The meeting next considered the question of soil surveys. 
It held that soil surveys throughout this country would be of un- 
doubted value not only in cases where new lands are in question but 
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also for general application as a means of obtaining information as 
to the relationships between climate, soil, and crop. The necessity 
of standardization of methods not only in the case of such surveys 
but also in the analysis of soils and other materials was recognized 
and important recommendations were nuide. 

The question of post-graduate teaching in agricultural chemistry 
at Pusa and the class of student to be admitted to this advanced 
course was then considered. It was resolved that the teaching 
should be strictly directed to instruction in the various specialized 
branches of agricultural chemistry and that the students to be ad- 
mitted to this course should be either graduates of an Agricultural 
College, or Science graduates of an University who have attended a 
Provincial Agricultural College for at least a year and are recommen- 
ded for further training in agricultural chemistry by the Agricultural 
Chemist. 

A day was specially set apart for the consideration of bacterio- 
logical subjects. The necessity of providing for the proper study 
of soil bacteriology by the Agricultural Departments in India was 
recognized, a full discussion of provincial conditions having revealed 
an urgent demand for the investigation of bacteriological problems 
either connected with the soil or with agricultural industries. It 
was accordingly recommended that Local Governments should 
consider the desirability of adding an Agricultural Bacteriologist 
to their scientific staff. 

The question of the standardization of methods of biological 
analysis of soils was also considered in detail. 

Detailed proceedings of the meeting will be published in due 


course. 



“WATER SAVING ’ EXPERIMENTS. 


BY 

0. T. F.\ULKNEll, B.A., 

Ikpiiti/ Director of Aurlciilt ore. LijdVpnr, Punjab, 

The main factors cliiefly affecting the yield of crops per acre 
are the amounts of water, labour and manure put into the land. 
Theoretically, the farmer’s problem everywhere is to use that amount 
of water, labour and manure per acre, and to use them in the way 
which will produce him the greatest profit per acre. But. practically* 
owing to their varying availability and cost, the relative importance 
of these several factors in crop pnxluction varies enormously from 
place to place, and it is rarely that all are simultaneously of great 
importance. The amount of water used is only of importance 
where the supply is limited and controllable. This is the case in 
irrigation farming in a dry climate. Here in reckoning profit per 
acre we must consider not only the rental value of the land, and the 
cost in labour and manure, but also the water-cost of the crop. 
When the climate is very dry and the water-supply is strictly 
limited or very expensive, then the water-cost becomes the item 
of greatest importance on the debit side of the balance-sheet. 
Such circumstances exist in parts of Northern India, the west of 
North America, and in many other comitries. The object of the 
present paper is to indicate the lines on which the study of the 
water-cost of crop production should be taken up in India. The 
need for this work is obvious to everyone conversant with agri-' 
cultural matters in Northern India, and was recognized by the 
Board of Agriculture at its 1917 meeting. 

( 246 ) 
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The factors affecting water-cost. 

The water-cost of producing a certain weight of any crop per 
acre depends on some matters practically beyond the control of 
the farmer, such as the climate and the mechanical composition 
of his soil. But it also depends on the following matters which 
are to some extent within his control : — 

(1) The irrigation given : not only the total amount of 

water used for the crop, but also the depth and fre- 
quency of the waterings at different stages in the 
growth of the crop. 

(2) The richness of the soil in available plant food. 

(3) The physical condition or tilth of the soil at the time of 

sowing. 

Both of these (2 and 3) depend on the rotation which has 
been followed, and the manure and cultivation given. 

(4) The way in which the water is applied— whether by 

flooding the whole field or applying it only in furrows ; 
the size of kiaris,* etc. 

(5) The extent, and frequency, etc., of subsequent cultivation 

by harrowing or interculture. 

(6) The botanical variety of the crop selected for sowing. 

(7) The seed rate or number of plants per acre. 

Our present knowledge. 

Some work bearing directly on this matter of water-cost of 
crops has been carried out in Europe and India ; but very much 
more has been done in America by a considerable band of workers— 
King, Widstoe, Briggs, Fortier and many others. The American 
work has received curiously little attention in India, possibly 
because the results have only recently been mentioned in text- 
books. Naturally the American results are not quantitatively 
applicable to India ; in fact, even qualitatively, they need some 
amplification and confirmation for Indian conditions. But enough 
has been done in America to show that no field of investigation in 


• Cbmpartmenta uaed in the Indian method of inigation. 
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India is likely to repay study more quickly or fully. And enough 
has been done to indicate the relative importance of the factors 
which have been outlined above. The American work has shown 
that the order of importance of these factors, in regard to the degree 
to which they affect water-cost, ,is the order in which they are 
given above, and that the former three are of vastly greater im- 
portance than the latter four. In the present paper attention is 
given to the first three factors only, because they are most important, 
their consideration logically forms a basis for future work, and 
these three factors are all intimately connected, and must be studied 
together. 

The irrigation given. 

Problem 1. The relation between frequency of irrigation and the 
stage of growth of the crop. 

It is frequently stated that zemindars are in the habit of over- 
irrigating their crops. Experience in the Punjab leads the writer 
to believe that this is frequently not true in regard to the critical 
periods when the needs of the crop are greatest. But there is a 
distinct tendency among zemindars, both on wells and canals, to 
irrigate with approximate uniformity throughout the life of the 
crop. Yet the water requirements of plants are known to be very 
different at different stages, the transpiration rate at its greatest 
being often t^n or even twenty times more than at the beginning 
or end of the period of growth. Thus it is possil^e that the irriga- 
tion can be greatly reduced at certain stages, with littie or even no 
effect on the final yield. To put the water so saved to useful purpose 
may not always be easy where there are no reservoirs,' and this in 
turn will need to be considered. (It is probably the difficulties 
in this respect which have deterred zemindars from paying more 
attention to such saving.) 

Converscjly it is possible that 3 delds might be increased by 
more irrigation than is now sometimes given during the critical 
time when the need is greatest. 


^ BabartSy W. and Faalkncir> 0. X. ** Soma faotors affecting the efficiency in the use of 
canal water.** Agric. JowrneU of India, Spedal Science Oongccaa Nombery 1918, ip. 81. 
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Instances of these possibilities in the Punjab may be cited 
in regard to the wheat and cotton crops. Our experience and 
experiments at Lyallpur show that the needs of the wheat crop 
for water are very much greater during a period of six or eight 
weeks than during the remainder of the time the crop is on the 
ground. There is still much room for investigation even on tliis 
point ; but, roughly, the period when the need for water is greatest 
is from about the time of the “ shooting ” to that of the “ yellowing ” 
of the stalk. That is generally from some time in early February 
till late in March. Thus experiments carried out some years ago 
at Lyallpur,^ and repeated experience .since then, have shown 
that, in case of fields which have previously received at all adequate 
irrigation, a watering in April, such as is frequently given by zemin- 
dars, does not increase the yield of the crop. Agdn, wherever 
heavy wheat crops have been grown with very little irrigation, 

. as in our experiments at Lyallpur, the figure for quantity of water 
applied has been reduced by withholding irrigation except during 
the period referred to. 

Similarly, in the case of cotton in the Punjab, it is evident 
that the crop can grow with much less water during its early life 
in May, June and at least the early part of July, than it needs 
during a period of some eight weeks from late July till about the 
end of September or early October. All that can be said at present 
is that good crops have been obtained in spite of greatly reduced 
irrigation during the earlier growth of the plant. But again the 
relation, on different soils, between the irrigation given at different 
stages and the final yield, awaits and merits investigation. 

For if, as appears to be the case, the needs of the cotton-fields 
for water are much less during the hot weather than during the 
monsoon months, then larger areas of this crop can be sown with 
prospects of success if there is a fair monsoon. But if the monsoon 
fails, and the maintenance of a comparatively high water content 
in the soil during these months is as important as appears to 
he possible, then it might conceivably pay to concentrate the 


> BKptrimtUt, itc., at the Agrkultaral BtaUaa, LyMpwr, Puajak. 
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available water on the best fields, in spite of the failure of the 
worst. 

This matter has also an important bearing on the design of 
inundation canals, and on the question, which has recently been 
raised, as to the advantages of high kharif (summer) supply capacity 
on perennial canals. ^ 

Prohleni 2. The best depth of ivater to apply at one time under varying 
conditions of soil, season and crop. 

The. ideas of zemindars on this subject are not at all definite ; 
in the main, their practi<!e seems to be usually to apply as little as 
possible at once ; but the actual amount varies very greatly and 
depends cliiefly on the condition of the soil at the time of watering, 
and the rate of the water-supply. A little consideration will show 
that a simple answer to this question cannot be given off-hand. 
When irrigation water is applied to a dry soil, it quickly percolates 
to a certain depth, which will be of the order of about one foot per 
inch of water applied. After this it only moves down more slowly 
and in lesser quantity. The rate will always vary according to the 
texture of the soil. Obviously to reduce the losses in this direction to 
a minimum, the irrigation should be as light as possible. A uniform 
moisture content is the ideal condition for the growth of plants ; this 
will be more nearly attained by giving frequent small irrigations. 
But on the other hand the loss by evaporation from a recently 
irrigated soil is known to be very rapid in a hot climate — ^much 
more rapid, for instance, than the evaporation from a still water 
surfaceu It is possible that this loss may at times be equivalent to 
more than one inch of water in the first three days after irrigation. * 
Evidently there is a possibility of considerable economy from heavier 
and less frequent irrigations. The best amount to apply will thus 
be that quantity which effects the best possible compromise. This 
amount will depend on the time of the year, the presence or absence 
of a crop, the stage of growth of the crop, and, of course, on the 


^ Boborts, W* ** Bxteasioa of Amerioaa cotton in the Pux^'ab.'* BepoH of the Punjab 
En(fiM€ring Oongrtis, 1018, p. 1. 

* (7. A* Office o/Ex^erimeni SMtme BuH* No* 848^ p. 14* 
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nature of the soil. American experiments give us little assistance 
in this respect, and we must find out the best depth of watering 
for ourselves. 

But it is not enough to know only what is the best amount 
to apply : it will often be equally desirable to be able to form some 
idea of the loss that wiy result from applying more or less than 
this amount. For at times when water is available in excess, 
it may well pay to incur some loss through excessively heavy irri- 
gation, in order to delay the necessity for the next irrigation. One 
case where this might apply in the Punjab, in some years, is in the 
roni * irrigation for early sown toria (Brassica campestm). Again 
wheat-fields in the Punjab frequently do not require irrigation, after 
sowing, until February ; but it might pay to give heavy waterings 
to some fields in January in order to allow of a delay in the next 
(February) watering. In some years it may pay to give heavy roni 
waterings in the early wheat-fields, in order to ensure that the first 
watering after sowing (cor) will not be needed until all sowing is over. 
Frequently, on account of attack by white ants, the early sown 
wheat-fields have to be watered again in November or early Decem- 
ber, which interferes with sowings. 

Problem 3. The relation b^ween tcial irrigation and yidd. 

This is a question of the greatest importance not only to fanners 
but also to Government in its control of rivers, canals, and reservoirs, 
and it is the problem in irrigation which has received most attention 
in America: this is practically the only fundamental problem of 
irrigation fanning in India which has received any attention 
experimentally. In the Punjab some useful and systematic field 
experiments were carried out by the Canal Department.^ These 
experiments only dealt with the wheat crop. From the fanners’ point 
of view, these experiments are less useful than from the engineers’. 
For before the yields of the different plots in such experiments 
can be exactly applicable to fanning practice, it is evident that 
the different amounts of water compared must each be distributed 

♦ The watering given just before sowing. 

* Punjab Irngaikn Branch Papcn^ 1904-08» pt. III» 
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throughout the life of the crop in the best way practicable^ Of 
this no one has yet been in a position to judge. 

In order to explain the prevailing ideas on this subject we may 
deal with the wheat crop which has been most studied from this 
point of view, and must, for the present, express the total quantity 
of water applied to the crop in the very crude form of “ number 
of waterings including that just before sowing,” and neglect 
rainfall which may replace part of the irrigation. 

The zemindars’ idea seems to be that, within any reasonable 
limits and if properly applied, “ the more water the more yield,” 
i.e., that the shape of the curve is something like the line A on the 
diagram. 



Mr. A. Howard ^ apparently considers that the shape of the 
curve is like the line B, with the maximum at about two waterings 
and with a fall immediately beyond this point, due to lack of soil 
aeration as a result of excessive watering. The only experiments 
justifying this conclusion seent to be those near Buchiana which 
gave the following results ; — 


OungafntT Baripur 

On# watering ... 12| mdK* mds. 

Twowalarings ... 18 „ 

Tbrte waterings ... . M| ... 16l 

* I maund»82 lb. * ^ . 


1 Howard, A. ** Beoent uivostigationa on soil aeration, with special reference to agricul- 
ture.” AgHiijQUrnkl6fjm$,yolXl^^ 
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Now the first experiment was carried out on good soil, yet 
the highest yield is only 18 maunds. In the same year, on land 
which is not better than that used in these experiments, we had 
yields of 30 maunds in spite of applying no less than four waterings. 
It would thus appear that the low yield obtained from three water- 
ings is not entirely due to an exce^ive number of waterings. Gleneral 
conaderations of the processes of plant growth in soils, the numerous 
experiments on this point in America, the experiments at Lyallpur 
and many observations on well and canal lands, the experiments 
conducted by the Punjab Irrigation Department, all these indicate 
that the shape of the curve is something like the lines € and D in 
the diagram. At first, as the quantity is increased, the yield rises 
rapidly to a certain point. In the case of wheat grown on average 
well cultivated land in the Punjab this point represents a production 
of at least 26 maunds of grain on a total water-supply of about 
12 in., of which some is usually in the form of rain. On poor or 
ill-cultivated soils the maximum yield will be less and will need 
more water. The curve niust therefore be something like the line 
C or D according as the field is good or poor. (See also Problem 4, 
infra.) 

Beyond the maximum, the yield remains practically constant 
in spite of great increases in the irrigation. Presumably a point 
could be reached where the yield is decreased through some second- 
ary factor due to over-watering. But the author has not seen any 
reliable results from field experiments definitely to support the 
statement in regard to the wheat crop. There is no doubt that the 
irrigation would have to be very heavy or very ill-advisedjy applied 
to have this effect. 

Problem 4. The relation between the richness of the soil and the water- 
cost of crops grown on it. 

Problem 5. The relation between the tilth of the soil and the imter- 
cost of the crop grown on it. 

Roughly, the practice of zemindars is to irrigate all fields to 
much the same extent. Any ddiberate distinctions drawn are on 
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account of differences in mechanical texture or on account of alkalinity 
in the soil — ^not because of differences in amount of available plant 
food or in tilth. Yet it can often be predicted that two neighbouring 
fields will give enormously different yields simply on account of their 
temporary fertility ; and it would seem possible that it might pay to 
give different total amounts of water to these fields. Yet it is probable 
that as a rough and ready compromise the zemindars’ practice 
is not far wrong. For on the one hand it would seem that the rich, 
well-cultivated field capable of giving a heavy crop will lietter 
repay ample watering. But, on the other hand, it is well known 
that the water-cost of the same weight of crop decreases within 
wide limits as tlie plant food available in the soil increases ; so 
that on this account the poorer field should receive more water. 
The effect of differences in tilth on the water-cost of the crop has 
not been so exactly investigated, but there is no doubt that the 
same statements hold good with regard to that too. These points 
however need thorough investigation, for they are of great practical 
importance. 


The experiments suggested. 

The principles underlying the solution of these problems may 
be elucidated by pot experiments, studies of field moisture contents 
and laboratory investigations. But in India we also need data 
sufficiently reliable, quantitatively, to justify exact and definite 
recommendations to zemindars or to canal authorities. Such data 
can only be obtained from very carefully conducted, practical, 
and amply repeated plot experiments, in which water is given 
to the different plots in varying amount and with varying frequency. 
It is evident that such experiments will have to be repeated on soils 
of different mechanical composition. Sufficient elaboration in this 
respect should not be impossible ; for observations indicate that 
small differences in mechanical composition in soils do not cause 
great differences in the water-cost of crops grown on them. But 
the experiments must be repeated on the same soil in very different 
states of tilth or temporary richness in plant food, and also with 
varying content of organic matter. If the experiments are to be 
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conducted on practical lines,, this means that they must be repeated 
on neighbouring fields cropped under systems of varying intensity 
and manurial treatment. 

The question of intensity of cropping is of one of the greatest 
importance in irrigation, and must be shortly considered here. 

Intensity of cropping. 

Although the matter needs much more scientific investigation, 
yet anyone who studies irrigation farming in arid climates, must 
appreciate that fallowing and manuring are here, within rather 
wide limits, practically alternative methods of enriching the soil. 
This is everywhere recognized as being true to some extent ; but it 
would seem to be true to a much more remarkable degree in such 
a climate as that of Northern India than in a more humid and cooler 
one. Maximum crops, even of quick-growing plants, like sugarcane, 
can be grown without manure, if the land has been fallow for a very 
long while. An extreme instance of this is the heavy crops of thick 
cane grown on the recently cleared land of the Lower Bari Doab 
Canal Colony in the Punjab. And it must be the comparatively 
low intensity of cropping (about 100 per cent.), and the thorough 
cultivation on the Lyallpur farm, which accounts, at least in part, 
for the frequent failure of manures there to give such results as might 
be expected.^ On the other hand, though experiments in manuring 
combined with high intensity of cropping have only just been 
started, the effect of farmyard manures, and the residues of a 
leguminous crop, etc., can frequently be observed to have remarkable 
effects under such circumstances. This seems to be especially 
true in regard to khaiif crops such as cotton and maize. There 
can be little doubt that by suitable rotations, combined with 
manuring, fallowing may be reduced to a minimum and the intensity 
raised to about 160 per cent. And, further, it would seem that, if 
high yields are to be obtained by manuring, a high intensity of 
cropping must be adopted. For it cannot be profitable to have 

» “ Tl» value of phosphate maaoies in India and the possibility of their mannfaotuie 
ona nu:garaoale.” futa Agric. Bm. Intf. Suit. No, il, ^ H, 
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rich manured land lying fallow, earning nothing, and possibly 
suffering losses of its humus content through oxidation or denitri- 
fication. This fact is reflected to some extent in the practice of 
many Punjab zemindars, who concentrate their manure on a portion 
of their lands, and crop this portion more intensively. On the 
other hand* under a high intensity it is difficult to retain good tilth 
in the soil, for there is less time for cultivation and fallows are 
shorter. 

This matter of the efficiency of different intensities of cropping 
is well worth extended investigation : its importance in connection 
with canal construction and working is obvious. 

A necessary corollary of higher intensity of cropping will almost 
certainly be an increase in the areas of fodder crops, which will be 
utilized for increased cattle-rearing and possibly, in the future, 
far more dairying. Thus the necessary higher supply of manure 
will be provided for, w’hilst the fodder crops will rotate with the 
main crops and occupy the land in the intervals between them. 
As the fodder crops will be partly legumes, they will not greatly 
increase the strain on the supply of nitrogen in the soil, and they 
would prevent any losses in w^ater or humus, wffiich may occur 
when a rich soil is lying fallow. 

The question of the most efficient cropping of irrigated lands 
depends on many considerations, some of which are outside the 
scope of this paper. But the water-cost of the produce from the 
different systems must be the first consideration on which others 
are based. The experiments suggested in this paper will provide 
the necessary data for the consideration of the economic and 
engineering, as well as the farmer’s, aspect of these problems. 
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S. H. FREMANTLE. C.I.E., I.C.S.. 

(Jofutnisstouei'. Rohilklift itd Dif^lsion. United ProvI nccs. 

" I'he scheme ol primary and secondary education for the 
average scholar should steadily, as trained teachers become 
available, be diverted to more practical ends, e.y., by means of 
manual training, gardening, outdoor observation, practical teaching 
of geogi'aphy, school excursions, organized tours of instruction, 
etc.” — [ResohUmi of tJie Government of India , . 1913.] 

This extract from one of the most important State Papers of 
recent years points to an ideal which is still in the distant future, 
and the steps which are being taken to lead to it are, as yet, slow 
and halting. There were many school gardens in existence before 
the date of this pronouncement, and since that date successive 
conferences of agriculturists have given expression to the widely 
held view that Nature study should forni a necessary part of the 
curriculum in rural schools and that a garden should be attached 
to schools as an aid to Nature study. Yet there has been, so far as 
[ know, no organized effort to provide either teachers of Nature 
study or gardens. The Education Department in my own province, 
and I believe elsewhere also, has been supine in the matter and 
local bodies and their ofS.cials in whose hands the initiative lies have 
not had their attention prominently called to it. Yet there axe 
vast possibilities in Upper India where nearly every family has 
some connection with the soil, where village school teachers are 
nea.rly all drawn from the rural population, and where land in the 
vicinity of village schools can generally be easily obtained. It is 

( 25(1 ) 
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in order to familiarize the public and local authorities with the 
subject and to encourage the organization of school gardens as an 
essential factor in a true rural education that this article has been 
witten. 


Objects op the garden. 

The objects of gardening in schools may be said to be — 

(1) to beautify the surroundings of the school ; 

(2) to limit expenditure on school buildings ; 

(3) to introduce an agricultural atmosphere into the school ; 

(4) to interest parents, school committees and the public 

in the school as a village institution ; 

(а) to stimulate in the neighbourhood interest in new vege- 

tables, crops and varieties and to introduce to the 
locality such as may be foimd suitable ; 

(б) to inculcate in boy.s’ minds the dignity of labour and 

introduce them to the spirit of service for the commu- 
nity ; 

(7) to emphasize the importance to be attached to agricul- 

ture ; and 

(8) to provide examples for the teaching ot geography, 

arithmetic, mensuration and kindred subjects and 
material for Nature study. 

A few mmarks may be made in explanation of these objects. 
I take the first two objects together. A bare whitewashed or 
red-brick school on a bare maidan, such as is still frequently seen, is 
obviously likely to be an excrescence on the hfe of the village rather 
than a village institution in which the residents can take pride and 
pleasure. There is no protection from the sun and hot winds of 
siunmer, nor from the cold winds of winter except in the school 
itself, and therefore a large building is required. With a well-grown 
garden, boys can sit outside in the sun or in the shade according to 
the time of year, and even in the rains imder fight sheds constructed 
for the purpose. There will then be no need of extension of school 
buildings to meet an increased attendance. All that is , required 
is a small but a substantial building where the school effects can be 
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suitably housed, and where charts, maps and pictures and objects for 
drawing lessons can be displayed on the walls and shelves, and which 
would be a nucleus in and round which the boys would be 
collected for work, play and drill. 

With the expansion of primary education, which is now taking 
place in all provinces, large sums ai e being spent on extensive build- 
ings for central schools. It is submitted that large buildings arc 
not needed, that the money had far better be spent on enclosing 
and laying out of gardens and the construction of wells and teachers’ 
quarters. 

Thirdly, the central and all-absorbing interest of an Indian 
village home is agriculture : ploughing, sowing, weeding, manuring, 
watering and reaping of crops and the tending of cattle. It is 
these occupations with which the boy is familiar, and which will take 
up his time in futui’e years. But in the school he is in another 
atmosphere jdtogether— an unreal atmosphere ol books and pa|KU 
{ind sums ■which have little and sometimes no cormection at all 
with his home experiences. His work in school is in no way 
correlated with his life out of school. It cannot therefore arouse 
his intelligence, or be made interesting to him, and cannot therefore 
be an adequate preparation for his life’s work. As an American 
writer says : “ Any form of education, to be effective, must reflect 
the daily life and interests of the community in which it is employed." 
Hence the necessity for the introduction of an agricultural atmos- 
phere. 

Fourthly, working parents seldom believe in the utility of 
education for their sons, and this is particularly true of agriculturists 
who work with their hands. If they keep their sons at school, 
as they seldom do, after the age at which they begin to be useful 
in the fields, it is with the idea that they may, by acquisition of 
knowledge, be able to secure some literate post and draw a cash 
salary, however small, to help the family budget. They do not 
conceive that a boy, who is destined to carry on the family occupa- 
tion of agriculture, will get any benefit from schooling. On the 
contrary, they fear that he will acquire a distaste for agriculture 
and habits which will imfit him for hard 2}hysical work in the field* 
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The best means, therefore, of making rural education popular is to 
interest the general body of villagers, who also comprise the parents 
of the boys in the school, l)y showing that it is not antagonistw-- to 
agriculture, but on the contrary tries to assist it. How it does 
so, is sho\vn in the next paragraph. 

The ffth object is to stimulate in the locality interest in new 
vegetables, crops and varieties, and to introduce to the neighbour- 
hood those found most suitable. In practice what can be done is 
to obtain from the Agricultural Department or elsewhere seeds 
of new vegetables, crops and varieties, and to raise, produce from 
them in the gardens. The work is similar to that undertaken by 
demonstration farms, but it is not called demonstration, because 
methods of cultivation may be faulty or the locality may not be 
favourable, and so the crop may not be successful, and them may be 
nothing to demonstrate, but it is obvious that in nmny cases the new 
staple or variety will turn out well, and it will then be eagerly adopted 
by the neighbourhood. In a \’ast country like this, where demon- 
stration farms maintained under the control of the Agricultural 
Department must always be far apart, the small plots attached to 
school gardens for demonstration purposes must surely be a most 
useful means of displaying new .staples, varieties and methods, 
while the use of school gardens for these puiposes will go a very 
long way to interest the people in the schools. The planting of 
suitable trees is another matter of which the villagers know little 
and they might learn much from a garden and nursery (see Plan) 
conducted under expert advice. 

The sixth and seventh objects are closely connected. It is one 
of the principles of school gardens that except for the heavy work 
of ploughing where Jiecessary, all the work of cultivation is under- 
taken by the boys themselves. Indian boys, like others, are interested 
in the mysterious processes of Nature. They enjoy seeing plants 
grow up as the result of the work of their hands, and they have 
naturally no prejudice against agriculture, but, if the atmo8})herc 
of a school is purely literary and the teachers, though originally 
villagers themselves, have been led, by the urban and purely literary 
atmosphere in which they have been trained, to despise manual 
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labour and depreciate agriculture, their ideas of gentility may be 
expected to infect their pupils, and an antidote is very necessary. 
In tending the gardens the boys also may learn how to co-operate 
with each other and, under the guidance of the teachers, to manage 
their own affairs, and may get their fii’st lesson in the exercise of 
responsibility and in the duty of service to the community. 

The eighth object is probably that which is most appreciated 
in western countries, though its utility is limited here by the paucity 
of teachers whose standard of training is sufficiently advanced to 
enable them to teach Nature study at all, or to make use of the 
garden in the teaching of other subjects ; nor do the text-books 
at present in use give any assistance to the teacher in showing him 
how to utilize a school garden for the teaching of school subjects. 

It was held at one time that object-lessons could take the place 
of Nature study, and that an inanimate object or even a picture 
of an animate object was a proper subject for study. Even now 
in Indian schools such lessons retain their place in the curriculum, 
and are defended on the ground that they cultivate a faculty of 
observation, but this theory has been put to the test and found 
wanting, and it is now almost universally acknowledged that the 
object-lesson should give place to Nature .study which, in the words 
of a recent writer, ‘‘ generates in the child a sympathetic interest 
in his natural surroimdings — ^an interest which will ripen into the 
true spirit of scientific enquiry without losing the joyous impulsion 
of childhood." The recent Committee on Natural Science in 
England has adopted this view and recommended that Natmej 
study should be taught in all rural elementary schools. At present 
in India Nature study as well as obsei-vation lessons are often included 
in the curriculum but camiot be generally taught as already stated, 
because the teachers have not been specially trained to teach them. 
It is generally regarded as non-essential in comparison with reading 
and writing, but since experience shows that most boys who leave 
the school at an early age after reading up to the Lower Primary 
standard, forget nearly all that they have learnt there, it would 
appear that Nature study, the effects of which are certainly Isusting, 
would be of more educational value even than the throe ll’s, and 
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that special eliorts should be made to train the teachers. Then 
a school p(arden would indeed be essential. 

The plan. 

In order to £orm a school garden no great area of land is 
requii’ed. 1 annex a plan of one, the total area of which is 
3,200 sq. yards, i.e., two-thirds of an acre only. 

The plan provides for a small school house, head teacher’s 
quarters with enclosure, assistant teachers’ bachelor quarters, and 
for a garden divided into six distinct portions as follows 

First ‘portion. A luimber of standard plots provided for each 
boy or pair of boys who want them and who are big enough to work 
them. These would be u.sed chiefly for the gi-owth of vegetables 
but partly also for flowers. 

Second portion. A small field set apart for demonstration of 
new crops and improved strains of ordinary crops — wheat, rice, 
sugarcane, millet, groundnuts, etc. 

Third portion. A nursery of young ti-ees of different kinds to 
be planted out in the school compoimd or sold outside as required. 

Fonrtli }jortion. A small orchard of fmit trees. 

F'ifth portion. A shady portion where school and drill can be 
held in the open air, sheds being erected if necessary, and where 
plants which do not mind shade can be grown. 

Sirih portion. A small garden of flowers and flowering shrubs 
close up to the school. 


The lay-out. 

Having obtained the necessary land either round an existing 
school or having obtained a new site for the school, the first necessity 
is to build all round it a substantial brick wall 3 ft. high. This, at 
R. 1 per running foot, will cost some Rs. 720 and is no doubt an ex- 
pensive item, but it is absolutely essential to have a waD, because no 
wire-fencing, ditch and bank, hedge or other enclosure uill keep out 
goats, pigs, porcupines and other animals which do so much damage 
to a garden. A mud wall is as efficacious as a brick wall but requires 
constant repairs, and in the long rnn a solid brick wall is cheaper. 
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The land should then be measured and the different portions allotted 
on the ground. 

The first jiortlaii (except possibly for the preliminary ploughing) 
will be worked entirely by the boyis themselves, and they will choose 
the seed and take the whole produce. Vegetables and flowers 
will ordinarily be grown as chosen by the boys. They would be well 
advised first to try the common v'egetables and flowem and then, 
if successful, those less well known in the locality. Among vegetables 
the following appear suitable ; — Brinjals, sweet potatoes, radishes, 
carrots, beets, tomatoes, chillies, cauliflower, cow-peas, pumpkins, 
and cucumber. The District Board will supply seed of good 
varieties from time to time. This portion should be divided into 
individual plots for one student or pair of students. These will 
vary in size according to the number of boys and amount of land 
available, but an ordinary size for one plot is 12 by 3 ft., and there 
should be a path 1| ft. wide, between the plots. 

The secoivd portion should be worked so far as possible by the 
boys themselves. One of the teachers should keep an account 
of all the expenditure incurred, and after this has been paid off 
and sufficient seed has been retained for the succeeding year, the 
remainder should be distributed to the boys who assisted in th<' 
cultivation and inigation. Seeds for the first year and for the 
varieties newly introduced should be supplied by the District 
Board without payment. 

The third portion, a very small area, should, after the preliminary 
ploughing, be worked by the boys themselves in order that no 
expenditme be incurred. Zemindars and cultivatfu-s will be asked 
to supply seeds and plants of good kinds, and the District Board 
will also assist from time to time. The trees, as ready for planting 
out, will be planted in the school compound or sold or given away 
outside. 

Fourth portion. This is intended for the demonstration of 
superior kinds of fruit trees to those ordinarily grown in the locality. 
They will be transplanted from the nursery as required. 

Fifih portion,. Some of the trees to be planted should be 
chosen for their shade-giving properties. There should be at 
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least two good shady trees — Baigad {Ficus bengalemis), Pipal 
(Ficus rdigiosa), Pakar (Ficus Rumphii) or tamarind. Other trees 
may be mango, Mohwa (Bassia htifolia), or Nim (Mdia), all of 
which give fairly good shade. 

SixOi portion. A garden close to the school. In the plan it is 
shown on one side of the central path. In it both flowers and 
flowering shrubs can be grown, and it should be worked by the 
boys themselves. 

A wdl is of course a necessity unless canal irrigation is 
available. The cost varies so much in different localities that no 
estimate can be given. 

Teachers' quarters. In order that the garden be properly tended, 
it is necessary that there should be some one living on the spot and 
this should preferably be the head teacher of the school. On other 
grounds too, it is desirable that he should be resident. The provision 
t)f decent family quarters adds to the comfort and self-respect of 
the teacher and makes him more contented rvdth his lot and more 
interested in his school. Assistant teachers too generally live 
either, as they can, in some corner of the school house or at their 
homes some distance away ; and in the latter case are frequently 
absent. It seems necessary that, unless they are actually residents 
of the village where the scdvool is situated, they should live on 
the spot and only go home for week-ends. .Accordingly for them 
also bachelor quarters are provided. 

The head teacher’s quarters, with enclosure, as in the plan, 
should cost about Rs. 100,0 and the assistant teachers' quarters about 
Rs. 430 each. 


Conclusion. 

Such is the kind of garden which I should like to see attached 
to all central schools. I recognize that the scheme is somewhat 
elaborate, that it requires the co-operation with the local authority 
of the educational, agricultural and horticultural authorities to bring 
it into effect, that it will further require, in order that the best 
use be made of the land, a special inspector or superintendent in 
each district. And more important than all, it will require the 
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whole-hearted support of one or more of the teachers in the school. 
A competent educationist indeed expressed to me his doubts, based 
on English experience, as to the possibility of doing anything useful 
through the agency of our present teachers, and feared that the only 
result of stimulating the laying out of gardens would usually be an 
untidy and neglected plot which would be an object-lesson of the 
worst type. He said that “ it requires a teacher of exceptional 
qualities, physical and nioral, to carry on a garden successfully.” 
But circumstances are different iu this country where school teachers 
are themselves villagers and brought up in an agricultural atmos- 
phere. Experience in Allahabad, where portions of the scheme 
outlined above have been in force for several years past, show that 
many teachers are naturally keen on having a garden and only 
require guidance to make it a success, while the approval of inspect- 
ing officers, the competition between different schools for the best 
garden and an annual exhibition of produce provide sufficient 
stimulus for the large majority. And, indeed, if we are to wait 
till the perfect teacher arises before we take this first step towards 
introducing an agricultural atmosphere into our schools, we shall 
have to wait for generations. 
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There are few places in the Madras Presidency which are more 
favourably situated than Coimbatore. It enjoys a very equable 
climate, neither too hot nor unpleasantly cold, with a steady western 
breeze blowing through a portion of the year. Geographically also 
it occupies a unique position. Situated in close proximity to the 
Nilgiri Hills, commanded by a railway, it affords facilities 
for any trade or industry that caters to the needs of the hills, 
unsurpassed by any other mofussil station in the south. It has a 
fairly large European population — certainly larger than in the 
ordinary headquarters of a district — due to the official as well as 
(iommercial importance that it commands. 

Agriculturally too, Coimbatore is important. Owing tt) the 
even distribution of the annual rainfall which in itself is only moder- 
ate, the farmers have facilities which their fellows in other districts 
have not. Even in dry lands they raise crops very early, as the 
light soils nearer the hills are ready for cultivation earlier than black 
soils which are more remote. In light soils they often raise two 
tsrops — a cereal, generally Cumbu {Petinisetum typhoideum), and a 
pulse — while in the heavy soil, the season being later, only one crop 
is possible. In the latter type of soil the usual rotation is Cholam 
(Sorghum), cotton, and Bengal gram {Cicer arietinum). Besides 
these, there are garden and wet lands. The former are commanded 
by wells, while for the latter ^e sources of irrigational supplies are 
river channels or tanks. Ihe supply of water in the wells in 
garden lands is fairly steady throughout. The water is lifted by 
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means of mhotes drawn by bullocks which walk up and down a 
steep ramp. Three crops, two cereals, generally Cholam and Ragi 
(Ehusine coracam), and an industrial crop like tobacco, are raised. 
These are very intensively cultivated with heavy application of 
cattle manure. 

In wet lands there is only one crop — paddy— though sugarcane 
is also cultivated in small patches. Green leaves for paddy and 
sheep penning for sugarcane are the recognized manures. It is 
obvious that whether it be for cultivation, irrigation, or manure, 
the garden land ryot is in continual demand for cattle. 

With regard to (rattle, Coimbatore is exceptionally privileged. 
Situated in the Kangayam country which is famous for its remark- 
ably good breed of cattle, Coimbatore enjoys the enviable position of 
]K>saessing one of the finest types of working cattle, both for mhote 
and draught pinposes. It also draws on Kollegal grazing tracts 
for a large proportion of its working cattle. The cows of this breed 
(Plate IV, fig. I), however, contrary to one’s expectations, are but 
y)oor milkers and are maintained more for breeding jnirposes than 
for their performances at the pail. 

The grazing grounds for (sattle in the neighbourhood are not 
abundant. These are, however, available a few miles distant near 
Ihe hills, where the hill tribes — Irulais — graze (nttle for a nominal 
fee during the off season. Stall-feeding is a necessity, although 
there is a kind ot grazing obtainable, throughout the year, on the 
tank bunds and roadsides, which carries with it all the evils which 
communal grazmg entails. The bulky food consists of any avail- 
able green fodder like cholam and ragi straw or green grass. For 
c-oncentrated food, cotton seed is given twice daily along with some 
Mnm water obtained by soaking the grains overnight. Cakes and 
bran are little known. When dry, the animals are put on a dry 
ration. . . 

Cow keeping being unprofitable, the buffalo (Plate IV, fig; 2) is 
the mainstay of the dairy industry. Being an animal which thrives 
on ra^er (joarse fo()d such as.that rejectcid by other live-stock, and 
ohe;iirhich c$n without prejudice be put to work in wet lands, when 
npt inUking, the miloh buffalo is sought aft^r especially on account 



PLATE IV. 



Fig. 1. A Kangayam cow. 



Fig. 2. A Coimbatore buKala 
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of the milk which is better both in quality and quantity than the 
cow’s. Popular sentiment, however, among the educated classes 
is against buffalo milk owing to the belief that it is prejudicial to 
the health of young children. The average buffalo justifies its 
existence by yielding 10 to 12 lb. of milk per day, and such an animal 
is worth about Rs. 73 at the present prices. The upkeep of such 
an animal per day is about 5 annas, while the milk it produces is 
worth annas 10 to 12 at 1 anna per pound. Cheaper animals can, 
of course, be had which yield correspondingly reduced profits. Their 
maintenance through the dry period presents no great difficulty. 
Bad milkers are disposed of, as soon as they calve, even at a small 
loss. 

The dairy industry is also carried on as a subsidiary source of 
income by cultivators who are either tenant farmers or peasant 
proprietors. These are usually Tamils of whom Goundans, Vellalas, 
and Konaris claim particular mentioi. Besides these, there are 
two sections of the Telugus, namely, Gollas and Kammas, who 
immigrated into these parts from the north and are reckoned to be as 
good cultivators as their Tamil neighbours. 

Among these those who possess garden lands are fairly well-to-do. 
They include in their herd a few milch buffalos which supply milk, 
curds, and ghee (clarified butter). The ryot does not keep more 
buffalos than he can find a use for, but a landlord owning 10 acres 
would probably have two or three buffalos in milk, and the 
surplus milk generally goes to meet the needs of the town. The 
peasant proprietor, however, contents himself with only one, rarely 
two. The usual custom is to have two animals, om of which is 
always in milk. 

Of the castes mentioned above, Konaris are professional 
traders in curds and ghee. Their condition is not so prosperous 
as thnt of (^undans and they prefer cash transactions to monthly 
Settlements. The trade is entirely in the hands of the womenfolk. 
It keeps a woman fairly independent of her husband for her daily 
necessaries, besides saving her from earning her livelihood as a day 
labourer. Though it means a good part of the day spent in tire 
town, she prefers to carry her headload inasmuch as she gets her 
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business done and contributes her share to the village gossip whidl 
she loves so much. 

Let us consider the profits of this ghee trade. Fi’om a buffalo 
yielding 10 lb. of milk daily, \ lb. of ghee is obtained, accordmg to 
actual tests. At the present prices this is worth only 5 annas. This 
is therefore too low a figure to derive any profits from. The ghee 
is, therefore, heavily adulterated so that it fetches nearly the value 
of 10 lb. of milk. Besides ghee, ^e obtains curds which are diluted 
to make up 16 to 20 lb. which will sell at about R. 0-2-6. This then 
is probably the profit in the transaction. At the present rates pure 
ghee manufacture is certain to mean loss, and the oirly course left to 
the traders is to adulterate it and thus keep the price as low as 
possible. 

The existence of the College Dairy in this vicinity has created a 
market for some portion of the surplus milk of the locality. It 
obtains from the surrounding villages milk totalling up to about 
400 lb. daily. This milk is put through the separator, and the 
cream is pasteurized and converted into butter, which finds a ready 
sale not only in Coimbatore but in different parts of the Presidenoy. 
The average monthly sales of butter alone come to about 700 lb., 
besides disposing of rich fresh milk obtained from a good herd of 
cross-bred and country ammals (Plate V, fig. 1). A good portion of 
the separated milk used to be sold at 4 pies a lb., but recently the 
price was raised to 6 pies and even at this rate there seems to be a 
good demand. The College Dairy has thus demonstrated an industry 
to the ryots, to the peasant proprietor in particular, in which class 
may be included the day laboiuer and the (Sovernment peon whose 
meagre income is insufficient to support his family in comfort. 
Even these realize that there is profit in a milch buffalo, and in fact 
one of the arguments once brought forward by a peon in defence 
of a second wife was that a buffalo would maintain her I 

Yet another industry has sprung up in the last decade in the 
surrounding tract, which is certainly not indigenous and which is 
not unworthy of our consideration, if not merely for its intrinsic 
merit, at least for its popularity among the village folk. 

Reference has already been made to the nearness of Coim- 
batore to the Nilgiris. These hills, besides being the summer 



PLATE. 



Fig 1. The Coimbatore College Dairy Herd. 



Fig. 2. A creamery man with a separator, and brass vessels. Note the method 
of packing the tin containing cream ready for transport to the hills. 
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headquarters of the Madras Government, attract in summer 
numerous visitors. Besides, the fertile soils of these hills, com- 
bined with the climatic advantages, offer exceptional facilities 
for the existence of a fairly permanent population, which, being 
mostly European, has created a demand for dairy products in the 
shape of milk and butter. To meet this demand a special industry 
has been organized. 

A little over 15 years ago there came to the hills a young Parsee 
on business. With the foresight and business acumen which seem 
to be inherent in his race, the Parsee grasped the situation and set 
himself to solve it. There was a large European population in 
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need of genuine dairy products. The local supplies were barely 
sufficient to meet the demands for milk, but where was the butter 
to ‘ come from ? He started with the hill buffalos, but the demand 
soon outweighed the supply. Then he visited many villages in 
the neighbourhood of Coimbatore and establi^ed a sub-station 
within a couple of miles of Coimbatore and arranged for an agent 
who purchased'^ milk in the neighbourhood, separated it, and 
sent the cream by rail to Wellington, while disposing of the 
separated milk locally as best as he could. He could hardly touch 
50 lb. at that time. The Parsee made friends with villagers, and 
even went so far as to obtain for them cream separators free, 
and appointed agents who supplied him with cream. The result 
has been that to-day there is a drain of villages dotted all along the 
railway line running north to the hills from Coimbatore {vide Map), in 
which there is a well organized system of creameries, run for all intents 
and purposes on business lines, and at the present moment with- 
out exaggeration it could safely be estimated that about 3,000 lb. 
of milk are being dealt with daily in the season at these creameries 
in about nine villages, excluding the town of Coimbatore itself. 

The management of the creameries may now be considered. 
Although the supply of milk is in the hands of the cultivating classes, 
the management of the creamery itself is not with them. The 
creamery man is of diverse callings. He may be a petty building* 
contractor, or a discharged cook of a wealthy landlord, or again a 
poverty-stricken weaver thrown out of his trade. Sometimes he is 
a Christian originally of an enterprising caste, or a leisured village 
postmaster, but hardly ever a genuine cultivator. The farmers view 
this enterprise with suspicion, probably because creameries are spe- 
culative concerns and naturally the ryot looks well before he leaps. 
They, however, admit that there is money in it if properly run. The 
creamery draws its supplies of milk from the cultivating classes 
of the villages in the neighbourhood. The creamery itself is a part 
of the dwelling house often rented for the purpose. It is invariably 
an ill-ventilated and insanitary corner of a main room in which 
diildren play and women cook. Or sometimes if the owner is 
desirous of having more ventilation, he makes use of the verandah 
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where pedestrians and flies congregate. To such a place the milk 
is brought by the village women, frequently in open copper vessels, 
never earlier than 10 o’clock, and the creamery is at its busiest 
between that hour and noon. The milk is tested by the lactometer 
in each case, not filtered but poured into large copper vessels after 
the quantity is measured. The woman gets her book filled in, and 
while doing so the creamery man makes a large allowance for any 
suspected sample. He then records in his register the quantity 
purchased. Any reduction in milk is generally echoed in a protest, 
but the woman has the cure fur it in her own bands. 

To encourage customers to bring more genuine samples, certain 
creameries adopt different prices for milk, but it is not likely to 
work very satisfactorily as they rely entirely on the lactometer which 
at best is only a rough and ready test. 

Fat analyses of samples of milk taken at random from some 
creameries are tabulated below, and give an idea of the standard of 
quality maintained in them. The milk is invariably buffalo’s but 
sometimes there is an admixture of cow’s. 


Village 

No. 1 No. 2 

No. 3 

! ! 

No. 4 No. 6 1 Average* 

Cktnapatl 

KIranattam 

Savaripaliem 

Papanaikampaliem ... ^ ; 

PeriaDayakkanpaliem ... ... 1 

Vellakkinar 

% % 

6-3 4-6 

i 6-3 6*2 

j 5’4 611 

! .3*3 21 

! 7-4I 6-6 

! 6-7 . 7-1 

■ 

% 

3*8 

66 

46 

h-2 

4*8 

% ' % 1 % 

4*2 4-8 1 

... 1 ... i 5*4 

5-4 4^9 ! 

3*9 56 1 4-6 

8-6 1 6 2 I 6 6 

90 i ... 77 

1 I 


* Th« avorftga sample was taken from a quantity of milk varying from lOU to 200 lb. 


Taken all round, except in Papanaikampaliem where the 
milk is exceptionally bad, the samples are of fairly good quality, and 
especially so in Perianayakkanpaliem and Vellakkinar which are 
far from the evil urban influences. The creamery men pay at 16 lb. 
per rupee in the last named places, while in the others 20 lb. per 
rupee is the rate. 

The equipment of the creamery cannot be simpler. It consists 
of a separator usually secondhand, the size depending upon the 
quantity dealt with. The separator is of various makes, but the 
■eMumonest is Alfa Laval. Diabdlo and Heinridh Lang. Mannheim 
ate ala) found. A lactometer (metal, or glass), two large brass 
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vessels; milk measuring cans, and a nmnW of old kerosene tins 
make up the rest of the equipment (Plate V, fig. 2). ; 

The following is a rough estimate of a creamery as equipped 
above; — 

1 Separator (secondhand) 

1 Lactometer (metal) 

2 Brass vessels 
2 Measuring vessels 

12 Kerosene tins 

208 0 0 or 


Rs. as. p« 

2fi0 0 0 

10 0 0 

30 0 0 

2 0 0 

6 0 0 


roughly Pa. .300. 

IjCt us consider the returns of one who has no room rent to pay. 
It is estimated that 300 lb. of milk produce 1 tin of cream weighing 
about 36 lb. His expenditure is as follows : — 



Rs. 

as. 

P 

Cost of 300 lb. milk @ 20 lb. per rupee 

... 16 

0 

0 

Cooly from creamery to railway station 

... 0 

1 

0 

Railway freight on one tin from creamery to Wellington 

... 0 

7 

0 

One girl to help in washing up 

... 0 

2 

0 

Depreciation on separator, etc., per day 

... 0 

2 

0 


16 12 0 


The dairyman pays the creamery man at 11 annas for every 
pound of butter manufactured, and the usual proportion of butter to 
cream is between 66 and 70 per cent. ; so that from 1 tin of cream 
about 24 lb. of butter is obtained which is valued at Rs. J.6-8-0, 
and this means there is a gain of only a few aimas by the transaction. 
Where then is the attraction for this industry ? The townsman has 
of late found separated milk to be a good substitute for milk. This 
finds a ready sale in coffee and sweetmeat shops, in Hindu hotels, 
and in fact even in well-to-do Indian homes. If the creamery is 
at all get-at-able, there is an excellent sale for separated milk, 
so that, even at a conservative estimate of 3 pies per lb., there is a 
net gain of about Es. 3, provided the whole of separated milk is 
disposed of. This, however, is not the case. The creameries are 
not all situated near a large town like Coimbatore. Even those 
which are more favourably situated, axe sometimes unable to dispose 
ol U owifig perhaps to a dislocation of trade due to epidemics like 
:pl%ue. Wherever conditions axe less favourable, the separated 
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milk is converted into curds and sent either to Coimbatore or railed 
to Palghat where demand exists for curds. If this is not possible, 
then the separated milk has to be thrown away. These aU mean 
reduction in profits, so that if Rs. 3 per day is obtained under 
exceptional conditions even a rupee under less favourable circum- 
stances is not too little to be ignored. It is clear, therefore, 
that the larger the quantity of separated milk sold, the greater 
the profits of the creamery. 

It may be quite a pertinent question to asl^ if this enterprise 
has been successful throughout. As in every other enterprise, this 
has not been without its pitfalls and some have profited from the 
failure of others. It cannot be said that every one succeeds. The 
writer's attention was drawn to a particular instance where a 
creamery manbelieving the words of a wilyMahomedan agent of a 
dairy at Madras, kept sending on cream until his liabilities went as 
high as Rs. 1,500 ; eventually, assisted by his old master, the 
creamery ma n threatened to go to law . When settlement was made , 
he was the loser to the extent of about Rs. 800 in the concern. 

The conditions suitable for a successful creamery are : firstly, 
there should be facilities for the purchase of good milk ; secondly, the 
creamery should be able to dispose of the major portion of the sepa- 
rated milk ; thirdly, the creamery man must have business instincts ; 
and, fourthly, there must be a steady demand for the cream. The 
small initial outlay, the little trouble attached to the business, and 
the quick returns tempt a non-agriculturist to launch on this specu- 
lative undertaking. Glranting that conditions mentioned above 
are available, it is undeniable that there is money in this business. 

Should we trace the destination of the cream we should find it 
still more interesting. One would notice while travelling in the 
morning train to the hills, a number of kerosene tins packed in 
plantain sheaths arriving at Coonoor and Wellington. They contain 
cream consigned to dairies. These are unostentatious in appearance. 
One whidi did the greatest business had for its activities the 
outhouses of a modest villa situated in an unfashionable locality of 
the town. Although the conditions were filthy to the extreme and 
the methods of manipulation totally crude and unscientific, it was 
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amazing how fine a product was obtained with the cream wMch 
reached its destination in ■var 3 ung. degrees of fermentation. The 
knowledge of technic[ue of the dairyman was nil, his apparatus 
was meagre, and yet he was daily manufacturing 100—120 lb. of 
butter at the time of inspeiition and which he disposed of without 
any difficulty in the neighbouring hill stations. Thanks to the 
climatic facilities, the texture of the butter was good, although 
there was a good deal of room for improvement in the matter of 
cleanliness. Samples of butter obtained fi-om three dairies are 
given below which speak for themselves. 


Partioalars 

1 

(Tovernraeiit 
Military 
Dairy , 
t Wellington 

! 

, The NilKiri 
Dairy* 

I Wellington 

' Coonoor 
Dairy 

* ■' 

RBMARKa 

Moisture 

11?2 

i 14-lH 

j 7-81* 

* Sent packed in tieaue 

Fat ... 

86(i0 

1 

’ 84-06 

90-43 

paper which ab- 
sorbed some of the 
original moUtiire. 

i^Solids, not fat... 

1-60 

j 1-61 

1-16 1 

i 

Total 

r9‘92 

j 99-8.S 

99-40 


§Contaiuin^ casein 

I 0*59 i 

0-49 

0-50 


Keichest Meissl number ^ 

2fb6t 1 

21-71 

22*80 

t Mean of two deter- 

Hefractive Index corrected 

' 1 
i 
i 

1M.519 1 

1 4554 

1-4551 

minatione. No. 1 
wa« a very loft 
butter. 

to40°C. ; 

1 





The manufactured article is placed in different sizes on dishes 
covered over with cloth and sent round to customers who gladly 
purchase it at R. 1 per lb. The recurring expenditure is small. 
The water is cold enough to render the use of ice unnecessary. One 
man is employed in churning and another for selling. Even allow ing 
thut he pays 3 annas a pound for initial capital, recurring expendi- 
tme, and establishment, the dairyman makes in the busy season 
a clear profit of 2 annas on every pound of butter manufactured, 
but din'iug the off season he would necessarily manufacture less, 
^is industry demonstrates clearly what an extensive deihand there 
is &r dairy products around Coimbatore, and it does not needmudi 
M^mation to ^'er through this vista into the future of the dairy 
fitiSlMiry in India managed with scientific and business knowledge. ‘ 




THE SEASONAL FACTOR IN CROP STATISTICS : 
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Diredor of Agricullure, MnAras. 


Statistics of all sorts are usually held to be a very dry subject, 
yet properly considered they may be full of human interest — 
especially to the compiler- -from the side-lights they throw on the 
psychology of those who supply the detailed information on which 
the statistics are built up. The war has shown us how valuable 
would be really accurate statistics of the production of the several 
main crops in India. These figures depend on three factors — area, 
normal outturn per acre, and the seasonal factor — which, when 
multiplied together, should give the gross outturn. 

So far as the Madras Presidency is concerned, the figures of area 
available in arrears at the end of a revenue year are extremely reliable. 
The same cannot be said for the figures supplied in advance to the Direc- 
tor of Agriculture for purposes of crop forecasts, but the modification 
of these so as to approximate more closely to the eventual final 
figures affords that harassed officer an opportunity for the exercise 
of ingenuity in which a knowledge of the state of the season is not 
so important as an appreciation of the psychology of the village 
accountant and the taluk clerk, and an estimate of the -state of 
departmental discipline of particular districts. A taluk was found 
recency where no villaj^ accountant kept any accounts and where 
kU dgures were invented at the close of the year, or so it seemed— 
but that is another story, and for the credit of Madras an exception. 
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The figures of normal yield per acre are, in Madras, based on a 
large number of crop cuttings, mostly carried out by Settlement 
Officers ; but it must be admitted that the figures in most cases 
are only a rough approximation to the truth. The writer believes 
that the only way to improve them is to abandon the method of 
averaging a limited number of crop cuttings — which amounts 
to working from the particular to the general — and to reverse the 
process and work from the general to the particular. If the total 
peld of a particular tract can be ascertained, then this total divided 
by the area under the crop gives the average crop per acre for that 
year. Do this for a series of years, and we obtain a most accurate 
figure of average yield per acre. The only crop for which this 
method has been tried in Madras is cotton. Fairly complete 
figures of the cotton crops are being obtained from presses and 
mills so that the average crop per acre for each important tract 
is now known accurately for two years at least. Cotton is the 
easiest crop to which to apply this method, because the local con- 
sumption for hand-spinning is so small as to be negligible. In the 
case of food grains, on the other hand, the local consumption is the 
important factor in estimating the total yield, but the writer believes 
that it would not be impossible to form a fairly accurate estimate 
of the total yield of a staple food grain in a particular tract by a 
consideration of the average annual consumption per head of 
population together with the statistics of export and import by rail 
and sea. 

Thirdly, there is the seasonal factor. Any estimate of the total 
crop based on statistics of exports and mill and factory consumption, 
must of necessity be made in arrears, after the crop has been sold 
and moved. Such statistics can be used to tell us what the average 
crop per acre of the previous year has been, as explained above, 
but they cannot of themselves tell us what the current crop is going 
to yield per acre, and it is this information which is reipiired of 
us by merchants, railway companies, and the public generally. 
To obtain this we must form an estimate of how the current crop 
difexB from our normal average standard. In Madias such an 
estimate is framed by each village accountant. The ^a 
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each of the crops in his village is classified by him under one of 
five heads, i.e., 16 to 13 as., 12 as., 11 to 8 as., 7 to 4 as., 3 to 0 as. 
The area imder each of these heads is totalled for the taluk and 
the district and a weighted average struck, and this is then reduced 
to a percentage, taking 12 as. as equal to 100 per cent. Until 
last year the figures thus obtained were published by the Board 
of Kevenue, in the annual Season and Crop Report, as the percentage 
of a normal crop obtained in each district. Now the village account- 
ant, like most farmers, is a pessinoist and thinks poorly of most 
crops. He is told that 12 as. represents a normal crop, but to him 
a normal crop is the crop he would like to see, but rarely does see. 
Consequently the final integration of the estimates of the large 
number of village accountants always works out at very much 
below 100 per cent. — it is usually nearer 75 per cent. This is only 
what is to be expected. A normal average crop is not easy to 
envisage. It is difficult to bear in mind that the average crop 
over a large tract would have its fair share of crop troubles of all 
kinds. If shown a really average crop most of us would see sufficient 
faults in it to put it down as much below 100 per cent. The same 
thing will be noticed in the Aiherican cotton forecasts where the 
“ condition figure ” of the crop is always below 100 per cent. This 
fact is frankly recognized by the American Department of Agricul- 
ture and explained by stating that the normal crop which corre- 
sponds to their 100 per cent, is admittedly a crop without any serious 
defects and therefore considerably above an average crop. 

As stated at the beginning of this paper, the total yield of a 
crop is estimated by the following formula : — 

Total yield ss Aiea x average yield per aoie X seasonal factor. 

Now to obtain an accurate result the second and third factors 
must refer to the same standard. If the second factor referred 
to a normal crop which was considerably above the average, then 
it would be right to take the 3rield of this “ normal ” crop as the 
100 per cent, standard for the seasonal factor, and not the yield 
of an average crop. But even the method of averaging crop cuttings 
made on gqod, bad and indifiezent crops gives sometlung much 
nearer the amage crop than a fictitious normal” crop, while 
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the method of calculating this second factor by dividing the average 
total jdeld by the average area, as recommended above, gives us 
emphatically a real average crop and not any imaginary “ normal.” 

It therefore follows that our third factor should refer to a really 
average crop and not to the good crop without defects to which 
the village accountant now instinctively refers it. A method of 
ftffftc ting this has been suggested by the writer and has been adopted 
in Madras since last year. The question is, “ What is an average 
crop ? ” The answer, which seems obvious when stated, but 
which does not appear to have been so stated before, is “ the crop 
which the village accountant reports over a series of years.” Take, 
for instance, a district where the integration of the estimates of all 
the village accountants has yielded the following percentages of a 
normal crop of, say, rice ; — 



Now, assuming that 10 years is a long enough period to take 
to eliminate seasonal fluctuations, it is perfectly obvious that an 
average crop in this case is the crop which the village accountant 
marks as 75‘6 per cent, on his scale. (We may also deduce that 
the accountant’s mental standard of a “ normal ” crop is one which 
is X 100 « 32'3 per cent, above the average.) Now suppose 
that the seasonal factor for the year 1916 works out, on the hattip 
basis, , as 83 per cent. We then know that this season’s crop, so far 
ss we may judge from the village accormtants’ estimates, is better 
than the average, and can be represented by “^“ = 110 per cent., 
if the average crop is rejuesented by 100 per cent, 
p The process described above consists essentially in adjusting 
the middle, point of the village accountant’s scale of estimating 
^b ,as ..to Tinake it coincide with 100 per cent. Anything above 
1^ per cent, then represents a crop above the avera^ of the past 
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10 years, and vice versd. Considering that the figures with which 
we are dealing represent the sura of a very large number of small 
observations, we can place considerable reliance on them as being 
correlated with real differences in the crops of the different seasons. 
The first thing necessary to enable us to make good use of these 
figures is to reduce them to a fixed standard scale, and it is claimed 
that this has been done by the method explained above. It is 
probably enough to take the average of 10 years as our standard, 
but if not, it is just as easy to take 20 years or even longer.* 

It is also probable that the scale could, with advantage, be 
broadened out, either symmetrically or asymmetrically. It is 
assumed at present that a 16 as. crop is double, and a 4 as^ crop 
is half, of an 8 as. crop, whereas the 'real ratio may be different. 
But to evolve a formula for this correction would imply a detailed 
study of the variation in yield of crops with season and the correla- 
tion of this variation with the village accountant’s estimates, a 
piece of research which has not been taken up. 

It may be mentioned that the correcting factor, i.e., 100/75'6 
in the case taken above, should be worked out separately for each 
crop, and for each district. A detailed study of the figures shows 
that great variations exist between different crops and districts 
in Madras. For instance, sugarcane is always estimated at some- 
where near 100 per cent, presumably because it does in fact vary 
very little in yield under the conditions of high cultivation and 
continuous irrigation. And it is evident that the mental image 
of a normal crop formed by the village accountant is influenced 
by the gross yield of his village as compared with that of adjoining 
tracts. For instance, the rice lands of the Coimbatore District 
are mainly concentrated in very fertile strips along the banks of 
the Cauvery and its tributaries, while the few remaining rice lands 
in the district are irrigated from rain-fed tanks and are compara- 
tively inferior. Consequently the average estimate (uncorrected) for 
rice in Coimbatore usually comes out at nearly 100 per cent., the good 
estimates made for the fertile strips outweighing the low estimates 


* It li»i now been decided to teke ell yeers for which figures arc available. 
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made for the small area of poorer lands with which they are mentally 
compared. 

This method of correcting for the natural pessimism of the 
crop estimator can of course be applied to the estimates made by 
any agency, even to cases where the seasonal factor is estimated 
for whole districts by one officer. But when the number of estimates 
with which we are dealing becomes few, the effects of changes in the 
estimating staff, or even in the point of view of the individual 
officer, become more marked, until a point is reached at which it is 
not safe to take the average of past years’ estimates as a standard. 
We lose, in fact, the smoothing-out effect of large numbers, which, 
in the case of the estimates framed by village accoimtants, gives 
us a firm basis on which to work. 



THE NEED AND OBJKCTS OF A SOIL SURVEY IN 

THE PUNJAB. 


BY 

B. H. WILSDON, B.A., 
Agricultural Chemist, Punjab. 


The object of this paper is to draw attention to the need in 
India of systematic soil surveys. The paper was originally read 
before the Lahore meeting of the Indian Science Congress, but has 
since been somewhat altered and extended. 

The elaborately organized work of the American Bureau of 
Soils is an example of what a systematic survey can do for the 
agriculture of a country. The productive capacity of the soil and 
its peculiarities must always be the first consideration in applying 
scientific methods to agricultural practice, and it is only with such 
knowledge at its disposal that the Agricultural Department can 
hope, with confidence, to educate the cultivator in the best methods 
of working, and the most suitable crops for his conditions. Besides 
the direct profit to the cultivator, for which the work of the American 
Bureau of Soils has been responsible, in suggesting new and more 
profitable crops in localities where they had not previously been 
introduced, and in explaining and indicating the remedies available 
for the treatment of infertile soils, the accumulated results of years 
provide most valuable data for the soil scientist all over the world. 

Work on more limited districts has been conducted on the 
lines laid down in the classical work of Hall and Russell in many 
of the counties of England and Wales and has had far-reaching 
results. 
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With the exception of limited areas in India, no systematic 
survey of soils has been possible in the short time the Agricultural 
Department has been in existence. Confronted with the enormous 
field of work which is open to the investigator of Indian agricultural 
problems it is not surprising that amongst much that has been done 
there still remains the formidable task of standardizing the. results. 
Besides the submergence of this necessary work by the mere press 
of other and obvious problems, two tendencies must be recognized 
as deterrent. The first is the tendency to investigate the abnormal 
rather than the normal ; the second is the practice of referring 
analytical results obtained in India to the standard types isolated 
by workers in other countries, England and America. In the absence 
of a thorough knowledge of normal Indian soils and their agricul- 
tural properties, this is the only course which can be adopted at 
present. But the necessity of detailed study of our own soils must 
not be lost sight of. When the influence of the various factors 
which so profoundly modify the properties of soils, which from 
their chemical and mechanical composition seem similar, has been 
thoroughly elucidated, the practice will be’admissible and profitable, 
but not till then. 

Besides the direct agricultural value of a thorough knowledge of 
the typical soils of a district, a soil survey should prove of use to 
the Revenue Department, especially in connection with settle- 
ment. 

A more direct application is to be found in uncolonized 
tracts which are capable of irrigation. A trained staff, with suflB- 
cient systematized experience behind it of soils in similar tracts, 
should prove of great value, firstly, in determining the prospective 
value of the land which it is proposed to bring under cultivation ; 
secondly, in influencing the design of the canal system ; and, thirdly, 
to the Colonization Officer when the district comes to be settled. 
My point can best be illustrated by reference to actual examples. 

The Lower Bari Doab ('anal was designed to irrigate 871,000 
acres, and was expected to derive Rs. 38,51,jp9 in revenue. Five 
main types of soil are recognized : Bara, Bari, Maira, Kairothi, and 
Dhaya. Bara soil is characterized by intense hardness. It is ^ui^ 
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desert, and rings when struck as though it were cast iron. The 
mirage is a characteristif; feature of the landscape where this soil 
is present. It is usually low lying, and water stands on it for a 
long time. 

Bari soil is similar to Bara hut not quite so bad. Kalrathi 
is a rather different type of soil characterized by a hard crust which 
contains considerable amounts of alkaline salts. The crust is 
well defined and can be cracked off, the thickness varying from 
i to 4 inches. 

Maira is a loose .sandy soil, and Dhaya is very uneven land of 
hillocks and ravines. The area covered by these types is as follows : 


Bara 

Bari 

Kalrathi 

Maira 


Acren 
.. 104 , 16 :^ 

... 7S,m 

... 78.583 

49.706 

Total ... 307.645 


Of this the Revenue Department coivsider 121,091 acres as 
problematically culturable, while the residuum, 186,454 acres, 
is classed as unculturable. Thus 23 per cent, of the total connnanded 
area is bad land. 

'Phe annual land revenue and water rate (gross) on this area 
must be put at .R.S. 12,00,000. If we take it at Rs. 10,00,000 net 
it is over one quarter of the total net revenue (Rs. 38,51,109) expected 
from the Lower Bari Doab Canal and over one-eighth of the total net 
income expected from the Triple Canal Project as a whole. 

Unfortunately, the survey was made after the canal was under 
construction. Now the canal is there, all that remains, in order to 
saV?r the project from financial failure, is for the Agri- 
cultural Department to see what can be done with the 186,000 
acres “unculturable soil” and 121,000 acres “problematically 
culturable.” 

The process of canal colonization is seen in its early .stages in 
the case of the Sind Sagar Project. Between the Indus and the 
Chenab we have the districts of Mianwali and Muzaffargarh, which 
are mainly arid regions wiih scattered and small tracts where well 
irrigation is practised. The scheme is to draw off water from the 

6 
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Indus at Mari for the irrigation of this tract. The rough project 
is being drawn up on results of previous Government of India surveys. 
The Survey Department will now make a detailed survey before 
construction commences. Some analyses of soils of this district 
have been made by Hooper, which are reprinted in Table I. Oidy 
chemical analysis is available and the samples are too scattered to 
obtain any very clear idea of the nature of this soil. I understand, 
from officers who have toured in this region, that a large proportion 
of the soils are sandy, and this fact, apart from their agricultural 
value, should be taken into account, in designing the canal, by the 
Irrigation Department, An examination of the permeability 
of the subsoils would enable a prediction of the possibility of 
dangerous seepage to be made, and would thus allow of the adoption 
of preventive measures, such as water-proofing, in the design. 
The importance of taking seepage into account in the design is 
fully realized by the Irrigation Department, whose experience in 
other colonies has shown the difficulty of attacking this evil once 
the canal is built. 

The supply of water in the five rivers is not inexhaustible, and 
there must be competition between the large tracts which are yet 
open to irrigation, for the wealth they bring. 'I'he pi-obable value 
of the land, wdien irrigated, must be known when deciding conflict ing 
claims, and this knowledge can be obtained only by a systematic 
soil survey. 

The first step in systematizing om: knowledge of soils is, of course, 
to devise some method of classification. In the Punjab we are 
dealing for the most part with a vast tract of alluvial deposit, and 
consequently a geological basis of classification, as has been used in 
other countries, is impossible on account of the lack of diflferen- 
iiation. This does not mean that the diversity of structure and 
agricultural properties of the soils met with will be less marked. 

The American Bureau of Soils bases its primary classifica- 
tion on the origin of the soils ; this first classification results in the 
establishment of large soil “provinces.” The next subdivision 
is effected by considerations of colour, subsoil conditions, etc., and 
enables a classification into “ series ” to be made. The “ series ” 
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arc then divided up into “ types ” according to the mechanical 
constitution of the soils composing them. 

The value of jnechanical analysis in the examination of soils 
is too universally recognized to need much comment. In the 
Punjab, this must serve iis our main basis of classification. At 
Lyallpur a centrifugal method of separating clay and silt fractions, 
as introduced by the American Bureau of Soils, has been adopted 
and found to give satisfactory results with a great economy' of time. 
A specially constructed shaking-machine enables twenty-four samples 
to be prepared for analysis at one time. 

A simple method of classifying soils, based on their mechanical 
analysis, is required when dealing with a large number of specimens. 
The series of figures by which the resvdt of analysis is usually 
expressed is not easily comprehended, or amenable to a system of 
cataloguing. A graphical method has many advantages, since the 
position of a soil, with respect to standard types, can be seen at a 
glance. Moreover, it is possible to indicate by the size of the circle 
representing a soil the limits ’>vithin which variation is allowable 
for a particular soil. The method which 1 have adopted provision- 
ally consists in plotting on a triangular diagram the percentages of 
silt, sand, and clay'. This has several advantages over the method 
adopted by' the American Bureau of Soils for the purpose, since 
the percentage of the third component can be read off the diagram 
at a glance. The diagram used by them is reproduced as Diagram i . 
It must be remembered that the sizes of the fractions corresponding 
with silt, sand, and clay, differ in the two cases, as .shown in Table 11 
beloiv. Ihis accounts for the fact that soils appear to be classed 


Table II. 


Limits of diameters 
in millimeters 

Sand 

Silt 

1 Clay 

1 

Maximum 

Minimum 

Maximum | 

Minimum 

Maximum 

Minimum 

American 

English 

2-0 

1*0 

i 

1 

0‘06 

0*04 

oo 

0*005 

0*002 

0*005 

0*002 

... 


as days in one diagram which may contain 6 per cent, less of this 
oonsiatuent than the other. Thus in American analyses all particles of 



I AJf 


Diagram I. 



Diagram sbowing classiCication of soil material according to mechanical analysis. 



SQlClay 


Diagram II. 
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less diameter than 0*005 mm. are considered as clay, while in 
English analyses 0*002 mm. has been fixed as the maximum limit. 
The fourteen compartments into which the diagram has been 
divided, represent mechanical constitutions within the following 
limits. 


Table III. 


Pbbobntaob 


Detcription 


Sand 

Silt 

Clay 



( r0*04 mm.) 

(+00(K2 mm.) {- 

i 

-0‘( 02 mm 

Sand ... 


... i +75 

! 

-25 . 

-25 

Sandy Loam 1 ... 


+60 

-40 1 

-10 

„ II . 


+80 

-.30 

--20 

Heavy Sandy Loam 


-75 

-20 

-30 

Loam I 


+46 

’f-.30 

-.10 

M 11 


-45 

+45 

-10 

„ III 


-60 

r20 

-20 

„ IV 


-60 

+30 

-20 

„ V 


-40 

+40 

‘20 

Silt 


-30 

+50 

-20 

Heavy Silt Loam . 

Clay Loam I 


-20 

-60 

+60 

-^-40 

30 

-30 

.. M II 


.. 1 +20 

+30 

30 

Clay ... 


... ! 70 

-70 

+30 


Noik.— A f if placed before a mioimum limit, and a — fiprn l»cfore a maximum. 


Diagram JI contains analyses selected from Punjab soils and 
subsoils. Nos. 1 to 30 arc Lyallpur soils : 31 to 38, Gurdaspur ; 
39 to 70, Montgomery ; 71 to 75, Kariud ; 70 and 77. Rawalpindi ; 
and 78 to 84, Kangra. 

This method of classification does not take account of the 
subdivision of the sand and silt fractions, which is effected in 
mechanical analysis, and therefore does not afford a complete repre- 
sentation of the constitution of a soil. 

For* classification, however, while the broad types thus 
distinguished may be sufficient for most purposes, it will be 
advantageous to devise a method by which the description of the 
mechanical type to which a soU belongs may be made as complete 
as possible. 

For further differentiation of the soils falling within the com- 
partments representing the main mechanical types, the method of 
][dottiug the logarithms of the ratio — and has 
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water-supply changes, but the relative importance of the part they 
play in crop production.” The actual medium in which plant growth 
takes place is not the only factor. The character of the subsoil 
will have a great influence on the moisture equilibrium in the soil 
and data on the point shoidd be collected. In the Pimjab, where 
so much of our agriculture is dependent on irrigation and where 
climatic conditions are so constant, we have a great opportunity 
of determining the relative importance of these factors. 

We may summarize the factors which must be studied in a soil 
survey under four heads. These are, firstly, the constitxUive 
properties, by which is meant the unalterable properties of the 
constituent particles of a soil. Secondly, additive properties, by 
which is meant those properties of a soil which may be expressed 
as a sum of all the properties of the individual particles composing it. 
Thirdly, colligative properties, which, while depending on the 
properties and relative amounts of the individual particles, by reason 
of their interaction on one another, cannot in the present state of 
our knowledge be calculated. Fourthly, we may class together 
as accidental or variable all those properties which are under the 
control of the agriculturist. Under these four heads we may 
mention the following factors, which it is our ultimate aim to be 
able to correlate with the agricultural properties of soils mentioned 
under (5). 

(1) Constitutive. The mechanical and mineralogical consti- 

tution of the soil and subsoil. 

(2) Additive. Physical properties, e.g., specific heat, density, 

surface. Total chemical composition. 

(3) CoUigative. Moisture equivalents. Pore space, trans- 

mission constants, available analysis, the detcnninatioii 

of the composition of the soil solution. 

(4) Variable or aooidental. Organic matter content, aggre- 

gation (flocculation). Salinity, acidity, or alkalinity. 

Subsoil water level, etc. 

(5) Agrwudtural properties. Behaviour of the soils with 

crops and manures, found empirically. Cultural 
treatment, etc. 
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The study of all these factors is necessary and no one class is 
of more importance than another. For the separation of soils into 
types, as a basis of classification, properties must be used which are 
truly constitutive. Additive properties merely give us the result 
of the summation of the variants ; colligative properties we are not 
yet in a position to understand. In this paper the use of mecha- 
nical . analysis is advocated for the purpose. At present there 
seems no need to make the broad fractionation of particles at present 
conventional, of greater fineness, but as our knowledge increases 
this may be necessary. All that is proposed in this paper is a 
method by which the ordinary mechanical analysis can be made 
of greater application for the description and classification of soils. 

As regards the Punjab, steps are being taken to provide the 
)iecessary staff for this important work. The question of the orga- 
nization of similar surveys iji the other provinces of India will 
probably arise in time, and wlien this happens, it is to be hoped 
that it will be possible so to co-ordinate the work that results 
obtained in one province may be available and of use to workers 
in another. I’his is a question of standardizing methods and the 
provision of complete information of the soil types studied. 

The actual survey work will probably best be conducted by 
the Provincial Agricultural Departments, but some central body 
for the co-ordination of results will be necessary. Without a proper 
organization anti a specially trained staff, the characterization and 
.study of soil types will be a very sIoav process. Moreover it is 
essential that the analyses should be rigidly comparable. If the 
lines of work were laid down, in the ordinary process of routine 
analysis, much information, which would be of subsequent use, 
would be collected. A proper organization would, however, 
probably amply repay the cost of its maintenance by its direct 
agricultural value and the speed with which a sound basis for the 
application of the Science, which it is the aim to secure for 
agriculture in India, would be attained. 



SOME AGRICULTURAL ASPECTS OF THE 
HOSUR REMOUNT DEP6T. 


BY 

H. CECIL WOOD, M.A., 

Principal of the Afiric.iiParnl ('nUeije and Research Inslilate. Coimhalore. 


A Remount JIkpot naturally implies horses, and horses have 
to he fed. Consequently a large share of the activities of the 
establishment are devoted to the production of keep in jdl forms. 
The agricultural side of tlie depot is thxis an important one, and 
it is with this aspect that this note mainly deals. It would of 
course be possible to grow all the food, both bulky and concentrated, 
that is wanted, but for various reasons this is not practicable : it 
would imply a very much larger area, and more extensive staff 
and accommodation than is desirable. It is clear, however, that 
every effort should be made to produce the bidhy fodder needed, 
owing to the expense of freight, and the special value that fresh 
fodder possesses, and so we find the land which fonns part of the 
depot devoted wholly to the production of fodder of one kind or 
another. Even of this, sufficient is not produced on the estate, and 
a considerable quantity has to be procured from outside, both 
dry and green. 

The Hosur l>ep6t is situated on undulating red soil of lateritic 
origin, of varying depth and fertility. The lower lands, receiving 
the wash of the uplands, consist of a deep dark brown to grey sandy 
loam, while the uplands are sandier, and paler and redder in 
colour: both have the disadvantage, which is so often found on 
these soils, of baking very hard on the surface when dry, and at 

( 2»1 ) 
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the same time being uncomfortably sticky when moist. This does 
not make them any too easy to cultivate. 

The area comprises both dry and wet lands, the latter being 
fed from a small rain-fed tank, and being naturally at the lower 
end of a valley. This circumstance increases the sharp distinction 
drawn above, between the drj’^ uplands and the irrigated bottom 
lands. 

An additional water-supply would have great value, but, in 
view of the fact that a boring has been taken down nearly 200 feet 
without success, it does not seem likely that such can be obtained. 

The problem, then, is to produce the greatest quantity of nutri- 
tious fodder with the means available, and here the manure-supply 
is undoubtedly a great factor. The quantity available is much 
greater than would naturally be the case in any system of arable 
farming, and it is, from the circumstances of its production, un- 
doubtedly of good quality. It is no doubt to constant heav}' 
dressings of this substance that the change in colour of the bottom 
lands is largely due. 

On these lands, lucerne is the staple crop, and a very good 
crop is obtained, though not without certain difficulties. Rate 
or moles damage the plants considerably by gnawing the roots, 
and gaps are consequently formed in the field. The crop also 
suffers, but not severely, from blight. These, and the plentiful 
crop of weeds, limit the life of the lucerne to about two years, after 
which the land is ploughed up and replanted. 1 was told that 
something over 200 lb. of (green) lucerne was obtained at a cost of one 
rupee, and the annual acre yield is in the neighbourhood of 26 tons. 
This yield is large, and the land is probably yielding its maximum. 
About the best method of sowing the lucerne, there is less certainty. 
The two methods found practicable are flat drills with frequent inter- 
cultivation, or beds with a cessation of weeding after the first six 
months, when the crop has become fully established. The question 
is perhaps mainly one of weeds, and these are certainly trouble- 
some, but on such a short visit it is not possible to dogmatize. 
The absence of any rotation is what strikes an agriculturist, and 
It might be well to consider the possibility of a cleaning crop at 
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intervals ; either a smother crop of thickly sown Sorghum (jowar ; 
ckolam) or Bulrush millet {bajra : cumbu) mixed with some pulse ; or 
a widely spaced crop, in which intercultivation could be practised 
up to a late period. The former is probably the better as a heavy 
cut of fodder would be obtained at the same time. Rh(>des grass 
and Guinea grass are also grown on a fairly large scale ; the former 
has shown itself an excellent cropper. 

A word may be said here about the cultivation, wliich is largely 
carried out by horse-power. For this of course no charge has to 
be reckoned, but a man is needed for each horse and a third for 
the plough so that the saving is not so great as it .seems at first. 
The plough I saw in use was a long-breasted type, an old-fashioned 
Howard’s Bedford plough, with two wheels, ploughing to a depth of 
four or five inches. It would be more economical to use a rather 
deeper plough, such as the S. A. E. or Steel Eagle, with or without 
fore-carriage, and by yoking more horses .save on the number of men. 
There is little doubt that on both classes of lands, deeper cultivation 
would pay. In fact, trenching, which implies the thorough inversion 
of the soil to a depth of 2 feet, is oc<‘a8ionally practised with success, 
though at considerable expense. 

The next class of lands are those lying fairly well down the 
slopes, but without facilities for irrigation, and these are mostly 
down to pennanent grass. The treatment of these lands is usually 
to take one or more crops of hay off them, and then to graze them 
for a period. The fertility of the land, which is obviously high, 
is maintained by dressings of stable manure. These pastures are 
regarded with some suspicion by an agriculturist, to whom the 
cultivation and regular cropping of the land appears more natural. 
But there is little doubt that, in the conditions of rainfall and 
climate which obtain here, some of these pastures, for they vary 
very much in quality, are providing as much fodder as the laud 
may reasonably be expected to produce. Provided grass can 
keep growing throughout the year, a condition which does not 
usually obtain on the plains, it can take full advantage of any rain- 
fall that is received, which is not the case under any system of 
dry cropping. 
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It is when we come to the higher lands that the system of 
keeping the land in grass seems to fail. Not only are the grasses 
seen here poorer in quality, but they do not cover the ground, 
and of course give a very much poorer cut. Such lands would 
almost certainly bring in more fodder, if brought under the plough, 
though different opinions may be held as to the extent to which 
this change could be profitably introduced. 

The matter is not easy, even with unlimited power, and a large 
supply of manure. The lands are unkind, and are a very good 
illustration of the need of judgment in deciding when the various 
operations should be performed, and the necessity for speed in 
carrying them out. A few days’ delay may result in the land 
baking to an absolutely brick-like consistency, with the result that 
all chance of getting a good tilth is indefinitely postponed. And 
then the weeds have to be remembered. Certain of the deeper 
rooted grasses, among which Cynodon dactyhn and Panicum repens 
may be mentioned, probably preclude any rotation of arable crops 
and pasture land, and it would be necessary to de(.ide once for all 
which system was going to be adopted in the case of any particular 
field. The crops to be grown must be decided by trial : mixed 
fodder crops hold out the best chance of success, with “ fall ” 
ploughing as soon as the crop is cut — which could probably be done 
with a machine — in order to get the land up before the hot weather. 
This should improve the tilth, and kill the weeds, and it is in these 
two directions that the causes of the failure of the crops that 
have been tried must be sought. 

The agricultural problems are, as 1 have tried to show, not 
without interest, in view of the special conditions which obtain. 
The few suggestions made above are put forward with some 
diffi dence, as indeed must always be the case where the full 
agricultural year has not been experienced. 



GOVERNMENT CA.TTLE FARM, HISSAR. 


BY 

('OLOXEL JOHN FAHMER. f'.I.E., F.R.P.V.S.. 
Chief Snpi’ri Civil Veteriiian/ Department. Punjab. 


The following is a very brief history of the Rissar Farm since 
iis establishment in the year 1809. fn that year it was placed in 
the hands ot Major Lnmsdaine and used as a camel-breeding farm. 
In 1815 cattle-breeding and horse-breeding for the supply of stallions 
w'ei-e added, Rissar appeal’s to have continued as a horse-breeding 
centre up to 1848 or 1849. 

In 1853 it w'as decided to restrict operations to breeding 
bullocks for transport and ordnance purposes, and in 1854 the farm 
was transferred from the Commissariat to the Stud Department, 
ft wfis worked imder Mr. Taylor, who held the appointment until 
his death in 1865. He was .succeeded by (!aptain T. Robinson, 
who carried on the farm until 1874, when it came under the notice 
of the Stud Commivssion. wuth the result that it was again transferred 
to the Commissariat Department, in whose hands it remained until 
a committee appointed in February 1898 reconuiiended that it 
should be handed over to the Civil Veterinary Department for a 
period of seven years, and on Ist April, 1899, it was taken over 
by that department and has remained in its charge since. 

The first officer in the Civil Veterinary Department to hold 
charge was Major Gunn, who was Superintendent from 1st April, 
1899, till 1902. 

I took over from this officer and remained in charge until 
11th June, 1912, when 1 was transferred to the appointment of 
Chief Superintendent, Civil Veterinary Department, Punjab, and 

( 2M ) 
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Mr. Branford took my place. The farm is situated in the Hissar Dis- 
trict of the Punjab and comprises an area of 40,000 acres. The land 
l)efore the Civil Veterinary Department took over had only about 
500 acres set apart for cultivation, but now there are about 2,000 
acres. These areas are divided into five blocks (Stables, Kherwan, 
(ihaoni, Mimdiawala, and Sully). These blocks have been enclosed 
and the fields carefully mapped out and numbered and the area of 
each noted on fin iron plate. Tliis work, owing to the great difficulty 
to be contended witli in removing tre(ns, jimgle growth, levelling 
lands, etc., took some time, and the msults have been very 
satisfactory. 

The water-supply comes from the Western Jumna, but un- 
fortunately the farm })eing at the tail-end does not always get the 
full amount necessary in spite of the water-courses having been 
improved. The crops chiefly sown are oats, joioar (A. Sorghum), 
guar {Cyamopsis psoralioides), and lucerne. 

Oats, if required, are cut green and supplied to the stock, then 
allowed to grow again for seed and hhusa. Green jowar is also cut 
and supplied to the stock, and ensilage is also juade with it. There 
are 25 pits for this purpose. There are large tracts for grazing, 
parts of which are set apart for making hay. The best grass is 
Pennheium cenchroides [ver. anjan (Bagri), dhaman (Punjabi)]. 

The farm buildings comprise the following and are situated 
some miles apart. 

(a) Home Farm Block, consisting of 15 large, walled enclo- 
sures with stabling and veterinary hospital, godowns, 
workshop, stackyard and Deputy Superintendent’s 
house. 

(h) Stable Block, consisting of 10 enclosures and stabling. 

(c) Chaoni Block, consisting of 13 enclosures, stabling and 

Farm Overseers’ quarters. 

(d) Sully Blwk, consisting of 8 enclosures, stackyard, 

stabling, and Overseers’ quarters. 

At the Home Fann all stock requiring more careful supervision 
is kept ; such as cows about to calve, ponies and donkeys about to 
foal, sick and debilitated animals. 
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At the Stable Block only heifers are kept in the cold weather . 
In the hot weather they are transferred to Kherwan. At the 
Chaoni Block all male and castrated stock is Icept. This place 
is situated on the opposite side of the railway line, so that the stock 
is unable to get near the cows and heifers on the farm. 

The Sully Block is about five miles away from the Home Farm 
and due north of it. In this place all the brood stock is kept. 

Since the Civil Veterinary Department took over charge 
separate giazing paddot^ks have been made for pony mares, mules 
and donkey stock. 

Owing to no policy of continuity and constant chairges of officers 
in the Commissariat time, the Civil Veterinary Department took over 
a heterogeneous lot of stock of the following breeds: Gujarati 
(Kankreji), Mysore (Amrat Mahal), Sindi, Nagori, Hissari, and Nellore 
and their mixed offspring, with the result that heavy weeding had to 
be done. This work was stai’ted in 1902, when 1 ,500 cows were cast and 
new bulls selected with the view of evolving a tvpe. This, as all breeders 
know, took time and the work was very difficult, as the registers 
kept up in the Commissariat time were very imperfect and I had to 
rely on types which I considered the best. All the Mysores or rather 
those showing Mysore, Nellore, and Sindi characters have been 
eliminated. The specially selected bulls are issued to the District 
Boards in the Prmjab at Rs. 200 each, and are producing very good 
stock. Foreign buyers are coirstantly asking for permission to pur- 
chase bulls and cows from the farm. Two thousand rupees was 
offered for a bull last year and would have been taken but for shippiirg 
difficulties. Several young bulls have been sold for Rs. 500 each. 
Cows have been sold for Rs, 250-400 each. This all speaks for itself. 

AU male stock not up to the standard for breeding is castrated 
and issued to heavy batteries for Rs. 160 each. Heifers under 
standard are weeded and sold to zemindars and others are auctioned. 
The stock on the new farms in the Punjab has been purchased 
by the owners from the farm. 

There are at present 1,600 cows, 1,900 male stock, 1,679 heifers, 
81 pony mares, 100 donkey mares, 136 mules, 600 sheep, 197 donkey 
colts, 7 jacks, 2 pony stallions, 1 Arab, and 4 Arab mares. 
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With the 1,500 cows there is one bull to every 50 cows. The 
bulls are very carefully selected, and put with the herds at 4 years 
of age and weeded out if their stock is not good. A herd bull 
generally lasts until it is 10 yeais of age. 

A register is cai'efully kept of all the stock, as is the case with 
the bulls. The cows aie weeded out if their stock is not good. 
A cow is weeded out for age generally at about 12 years. 

A small herd of Montgomery cattle is kept to supply bulls 
of this breed wherever required. 

All the stock on the farm is branded on the left quarter with 
the age brand, and on the right quarter with a brand showing the 
serial number of the year in which it was born. These brands are 
entered in the register so that the pedigree of each animal can lie 
traced. A detailed note of calves born is kept. If the calf is a 
weakling and dies or develops badly, etc., it is noted ; if the bull or 
cow produces several of these it is cast. Barren cows, or cows 
giving insufficient nourishment to the calf, are weeded out as early 
as possible. 

Bulls are issued to the District Boards between the ages of 3 
and 4 yeai'S. About three months before issue they are taken up 
nose-strung, stall-fed, and handled to quieten them. All young 
stock is inoculated for black quarter at the age of 6 months when 
they are weaned. The females are transferred to the Stables where 
the heifers are kept and the males to Chaoni. 

The heifer’s are carefully selected at 3 years of age, when the 
best are transferred to the herds. The males are castrated when 
they are nearly 3 years of age. They are then taken up nose-strung, 
stall-fed, and handled ready for issue to heavy batteries. 

Pony mares are kept for two purposes- -for breeding Arabs 
and mules. There are now 4 pure Arab mares on the fann and 
1 very good Arab stallion. This scheme has only just been started 
and it is expected to be a success. The Arab stallion is also 
allowed to cover selected zemindars’ mares. The mares for mule- 
breeding are a good lot and the mules produced are issued to mountain 
batteries ; any not coming up to that standard are issued as maxim- 
gun and transport mules. 
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Donkey mares. This scheme was started in 1903, I was 
deputed to purchase the best country-bred mares available. These 
were crossed by an Italian jack, “ Calcutta,” for a short period, 
when a change was made and an American jack was used ; then 
another stallion, “ Farmers Boy,” and other farm-bred jacks were 
used. The donkey stock on the farm is good — a very few of the 
old country-bred mares are left. The stock is carefully weeded 
and only the best fillies are kept, the rest are cast and sold. The 
male stock are also carefully selected before being transferred to 
District Boards as stallions. Mr. Branford is now inseminating 
donkey mares with pony stallion semen and one has given birth 
to a jennet. 

Sheep-breeding. This scheme was started with a view at first 
of improving the size and quality of mutton. Dumba rams were 
crossed with Bikaniri and Bagri ewes. The produce is good, the 
sheep are bigger and the quality of the mutton good. Colonel 
Morgan then introduced the Merino and separate experiments 
were carried out with a view to improve the quality of the wool. 
The Merinos were crossed with Bikaniri and Bagri ewes. There 
is a marked improvement in the quality of the wool and the quantity 
produced per sheep is increased. Latterly I purchased some Lohi 
and Kah breeds of sheep from the Punjab. These are being mated 
with the Merinos. 

There is also a small flock of pure-bred Merinos, It is found 
that the stock bred on the farm is smaller than its ancestor. The 
same is found to be the case in the hotter and drier belts in Australia, 
and in consequence the bigger framed Merinos of the more 
temperate climate have to be constantly introduced. 


7 



“ NORTHERNS ” COTTON.* 

BY 

G. R, FIILSON, B.Sc., 

Deputy Director of Ayriculfure, ll and III Vircks, Madras. 

The name “ Northerns,” as applied to cotton in Madras Presi- 
dency, is given to the indigenous cotton which is grown in the taluks 
of Dhone, Kurnool, Nandikotkur, Nandyal, Sirvel, Koilkuntla and 
Markapur in Kurnool District, the Native State of Banganapalle in 
the same district, Jammalamadugu and Proddatur taluks in the 
district of Cuddapah, and Tadpatri taluk in Anantapur District, the 
produce of which is brought into market at Kurnool, Nandyal, 
Proddatur, and Tadpatri. A small amount of cotton from the 
Nizam’s Dominions also comes into the Kurnool market. 

The crop is cultmted on both black and red soils and is always 
drilled. On the former soils it is usually .'■own in August- 
September with a snmll admixture of hor.sc gram (/>. hiflonts), aiul is 
succeeded in the following year by Sorghum mixed with green granr 
(P. mungo). On the latter soils it is sown n little earlier and is 
usually mixed with Italian millet— two lines of millet to one of cotton. 
In this case also the succeeding crop is usually Sorghum mixed 
with one or more pulses. 

Picking normally begins in February and continues into April. 
The operation is without exception done very badly. Work does 
not begin until about 10 a.m., when leaf, bract and boll are very dry, 
and no care whatever is taken to try to pick the cotton clean. On 
the contrary, the writer has seen capsules, leaf and small branches 


* a I»p«r read at the Fifth Indian Science Conitreis, Lahore, 19W. 
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deliberately included in the pickings. Moreover, each cooly collects 
his or her pickings in one heap, which is placed on the bare ground, 
thereby ensiuring that -a certain amount of mud shall lie removed 
with the cotton. It is therefore not to be wondered at that this 
cotton has an unenviable reputation for dirtiness. Mill reports 
show that on the average the blow room loss with this cotton is 
about 18 per cent. 

As normally grown by the cultivator, Northerns cotton is, in the 
main, a mixture of varieties of the two species G. Iierbaceum and 
G. indirutn. On the black soils, herhacenm. is, as a rule, the predomi- 
nating species in the mixture, though sometimes indicuw occurs to 
as great an extent as 50 per cent. On red soils hidicum is the (hief 
ingredient of the mixture, frequently to the almost entire exclusion 
of herbaceum. Other cottons are also found, but only to a slight 
extent. These are chiefly G. hirsutum (Cambodia and Dharwar- 
American)and G.neyledmn (Gogupatti— Telugu ; Pulichai— Tamil). 

Both of these cottons, herbaceum and indicum, have lieen kept 
under observation at the Nandyal Agricultural Station ever since it 
was opened in 1906. From the experience thus gained, it is possible 
to classify broadly the characters of the produce of these cottons 


as follows : — 

G. herbaceum 


G. indicum 

Lonjrth 

m” to r 


3/4' to 1 ' 

Rtrength 

Weak to Btrong 


Strong 

Colour 

White to creamy 


Red 

Feel 

Very harsh to soft 


Fairly soft 

Oinnitiff outturn 

•22to:i2% 


22 to 26?; 

Seed 

Clean to ftisxy 


Clean to fuzzy 


' The term “clean” is applied to seed in which the fuzz ir 
restricted to a small tuft at each end. It has also been noticed 
that the t 3 rpe 8 with strong lint are always more difficult to 
gin, and that types with clean seed give lint which is long, stiong, 
small in quantity, and, where the plant is of the herbaceum species, 
white. 

The yield of each of these species has Varied according to the 
season and the field on which it was grown. Comparisons, made 
under experimental conditions, of the two best strflins of herbaceum 
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and the best strain of indicum with the local mixture have given 
the following results 

Yield per acre in lb. 



Kapas* 

Lint 

Local mixturo 

290 

72 

No. 2 (herbaceum) 

280 

84 

No. 60 Do. 

330 

100 

No. 14 (indicuiD) 

340 

6 


* Unginned cotton. 


These figures are the average over the last three seasons — 
1914-16, 1916-16, and 1916-17. 

The produce of the local crop, after being harvested, has a more 
or less varied career before it reaches the buying firms, who purchase 
cotton for spinning purposes or for export and sale to spinners, 
"rinning is done in Indian-owned gins either out in the district or 
in the market town itself. These are badly managed, and, as the 
owners keep a sharp eye on the daily outturn, the lint is frequently 
damaged and always contains a fair amount of seed, all of which 
helps to make the blow room loss as great as it is. The use of an 
opener before ginning is a rarity, and owing to careless feeding 
kapas is frequently mixed with the lint. 

Kapas produced on bkck soils usually gives a fairly white 
lint, while the produce on red soils usually gives a distinctly red 
lint. The lint is therefore sold under two names — “White Northerns” 
and “ Bed Northerns ” — ^the difference in price usually being from 
Bs. 6 to 10 in favour of the former. 

Conditions of trade. 

At Nandyal the trade runs on the following lines. 

Parties concern^ — 

(1) The prodticer. 

{a) The small ryot who, at the time of harvest, is badly in need 
of money and who, therefore, cannot wait his time for selling and has 
to sell his produce as kapas and at a low rate. In this class are 
to be found a few ryots who have taken advances from middlemen 
and have contracted to seU their produce at a rate agreed upon. 
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which is generally considerably lower than that ruling at the time 
when delivery is n3ade. 

(6) The bigger ryot who can afford to wait for his price or 
to have his produce ginned, and is therefore in a better position to 
bargain than are members of class (a). Some members of this class 
are village middlemen. . 

(2) The village middleman. 

He buys ka/pas and has it ginned and is mainly responsible 
for the mixing that is done, either because he does not take the 
trouble to keep different qualities apart, or because he purposely 
mixes a good quality with a poor to make a larger sample which will 
pass as good or will bo only slightly allowanced. The middleman 
sells on contract to the dealer and to the firms, but also sells on ready 
delivery. 

(3) The dealer. 

The dealer makes contracts on the one hand with firms to 
deliver, and on the other hand with middlemen or ryots of class {h) 
to receive cotton of a certain quality, at a certain rate, on or belore 
a given date. He also buys cotton and speculates on the market. 

(4) The firms. 

There are three European fiirns two of which own presses, 
and one Indian firm which owns a press and a ginning factory, but 
which is really only a combination of dealers who sell to any of the 
other firms. Buying is also done by agents of other Indian firms, 
and of Japanese firms who, however, cannot be considered regular 
buyers. 

System. The system is the pressed bale system, i.e., the firms 
deal in lint and do not make final payment until the lint has been 
cleaned and pressed and weighment of the bales made. Advances 
are given when lint is brought but cannot be pressed for some time. 

Maimer in which lint reaches the firms. 

(1) The firms make forward contracts on the lines indicated 
above, chiefly with dealers to whom some firms pay brokerage, but 
also with ryots and with middlemen. Warning is usually^ issued 
about a week before the final date on which delivery is to be made, 
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and, if it is asked for, an extension of time is generally given, but 
if delivery is not made, the firm can buy in the open market on the 
day on which the contract expires and charge the contractor with 
the difEerencc between the contract rate at which they boxxght, or 
they can demand the difEerence between the contract rate and the 
rate prevailing on the day on which the contract expires. 

(2) The lyot or middleman watches the market. When he 
thinks the pricie is high enough to suit him, he brings his cotton 
for sale. He leaves his cart on the roadside, while he goes round 
m akin g inquiries as to what the rates are and who is likely to pay 
him the best price. Hxving decided whom he will try first, he brings 
his cotton into the compound and offers it for sale. It is examined 
and rejected, or the Imrgain is struck. If reje(itcd the ryot will 
try elsewhere and may get a dealer to offer the cotton against one 
of his own contracts. The dealers who have bought on speculation 
also watch the nrarket and will tender cotton which they have stored 
in their godown.s, either against contracts, or for separate sale, which - 
ever may be more profitfible to them. 

At the other markets, except for the few differences noted 
below, the conditions of trade are very similar. 

Tadpatri. Direct dealings Ixetween prodiu^er and buying 
firms are practically non-existent. 

Kurnool. Direct dealings between producer and firms are fairly 
common, and as the market is small the village nriddleman is much 
less in evidence. Buying is on the loose bale system. 

Proddatur. As at Kurnool, but both systems are in vogue. When 
cotton is bought loose, the buyer retains the gunnies in which the 
cotton is packed and is entitled to make the following deductions : 
about 1^ per cent, on the gross weight for dirt, and 1 per cent, on 
the nett weight for sample, . .. 

The quantities of cotton coming into these markets are approxi- 
mately as follows Nandyal, 30,000 ; Tadpatri, 10,000 ; Proddatur, 
8,000 ; and Kurnool, 6,000 bales of 400 lb. each. 

The above gives in broad outline the position that must be 
attacked if it is desired to bring about any improvement in the 
psesetit state of affairs. By improvement is meant here an alteration 
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which shall result on the one hand in an increased profit per acre 
to the producer, and on the other in the buyer being offered a better 
article. 

Such improvement may follow one or more of throe main lines : 

(1) Improvement in the methods of cultivation, harvest- 

ing, etc ; 

(2) improvement in the plant itself ; and 

(3) improvements in the method of marketing. 

1mprove.ment in the method of cultivation, etc. 

It is difficult to devise changes in the present methods of culture, 
manuring, harvesting and preparation of produce for sale which 
will bring any solid benefit to the cultivator. The seed-rate used is 
not excessive, and topping, thinning and growing unmixed with 
horse gram have not shown any advantage over the local practice. 

Manuring with cattle or sheep manure, or by preceding the crop 
with a crop of Bengal gram, all improve the yield. The cultivator 
is, liowever, debarred from adopting these practices extensively owing 
to the fact that cattle and sheep manure are to be had in only limited 
quantities, and because Bengal gram is an uncertain and not very 
profitable crop, and its introduction into the rotation would necessitate 
cotton being grown once in three years instead of every other year 
as at present. The practice of growing groundnuts is, however, 
extending rapidly, and it is likely that this crop will play the part 
that Bengal gram has failed to do. 

With regard to harvesting, a very great improvement might be 
effected if the coolies were paid daily wages in grain or in money 
instead of a definite proportion on the day’s picking as at present ; and 
if picking could be started in the early morning while the bracts 
and leaves are still damp with dew. This arrangement, if the 
pickers were carefully supervised, would result in very little leaf 
being picked with the cotton. Unfortunately, with Northerns cotton, 
picking is not a gradual process, the bolls mature rapidly and evenly, 
and, as a rule, three pickings with an interval of about a fortnight 
between each will see the harvest finished. The demand for labour 
at these times is therefore very keen, particularly so as the cultivator 
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has to bear in mind that if he does not pick his crop himself, some 
unauthorized person will do it for him. As labour is scarce, the 
pickers can more or less dictate their own terms, and as they are 
usually women and have to attend to household duties before going 
out to work in the fields, it suits them to start late, work through 
the heat of the day and return early. 

They prefer to be paid a fraction of their daily pickings as 
wages, as they can in this way earn higher wages. This arrangement 
also suits the cultivator, as he is relieved of the necessity of keeping 
his labourers up to the mark, and is able to get his crop harvested 
quickly. 

It is probable that a few isolated cultivators would be able to 
make the change described above ; but it is improbable, under present 
conditions, that they would profit by so doing. 

As regards the preparation of the produce for sale, an improve- 
ment might be brought about if the cultivator (;ould be induced to 
market his crop in two qualities. This he could arrange to do either 
in the field, by having two gangs of coolies, one to pick the good, 
well opened bolls, and the other to pick the stained and Ijadly opened 
bolls, or by picking the crop over after it has all been harvested. 
The whole system of marketing is unfortunately against the adoption 
of this practice. The writer has tried this plan more than once, 
and has found it to result in a loss every time. When offered two 
qualities like this, all the buyer does is to calculate what he would 
have to pay for the same total quantity at the ruhiig rate, and then 
offer a rupee or two more for tlj«* better quality and a considerably 
lower rate for the sersond quality, so that he pays a little less or at 
least no more than if the lot were all of one quality. The seller is left 
with a loss equal to or greater than the extra cost of pre- 
paration. 

Under this head, prejmation for sale, defects in, or comiected 
with, gimiing must be considered. These are usually four in number. 
In the first place, the mechanic who is responsible for the proper 
working of the plant is usually changed too frequently. For motives 
of economy bis services are dispensed with at the end of the season 
until the next working season, when the same man niay be employed 



" NORTHERNS ” COTTON 307 

or not as the case may be, A ginnery ordinarily pays well enough 
to enable the owners to retain the mechanic’s services throughout 
the year. It is false economy not to do so. An extension of the 
working season would obviate this difificulty. With the spread of 
the groundnut crop, many gin owners are fitting up decorticators, 
and are so making a more economical use of then* plant. 

Secondly, only a few ginneries have openers, and those who 
have do not use them properly. The main reason for this is that the 
cultivator looks askance at any operation which involves the less of 
weight which the proper use of an opener undoubtedly does. A 
remedy which some of the firms are adopting is to offer a slightly 
enhanced rate for cotton known to have been ginned at a ginnery 
where an opener is in use. 

Thirdly, the gins are, as a rule, run too fast and, with improperly 
set knives, the lint is damaged, the seed is broken and is carried 
through w’ith the lint. The only satisfactory remedy for this at 
present is for firms which are particular on this point to buy kapas 
and do their own ginning. 

Lastly, the godown accommodation at these ginneries is exceed- 
ingly limited, and every year much lint is spoilt owing to the kapas 
having been exposed to rain and ginned while still damp. The only 
remedy for this is to compel gin owners to provide sufficient 
godown accommodation for the produce brought to them for 
ginning. 


Improvement of the plant. 

In attacking this problem, the object to be aimed at is the 
production of a cotton which will meet the requirements of (1) the 
ryot who sells his produce as kapas, (2) the ryot who sells as lint, 
and (3) the final buyer. The wishes of the first two parties are 
easily diagnosed : neither care very much what the quality of the 
cotton is, provided that it is readily saleable ; botk wish a heavy 
yield of kapas per acre, and the second wishes a high ginning outturn 
in addition. It is when considering the requirenients of the third 
party that puzzling features arise. A careful study of the market 
drives the observer to the inevitable conclusion that class, t.e., 
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colour and cleanliness, is o£ more importance than quality, i.e., 
length and strength of staple. Evidence of this is to be found in the 
difference in price between Red Northerns and White Northerns, the 
former of which is lower in class because of its red colour, but better 
in quality. A cotton, however, which combined in itself high 
yield of hapas, high ginning outturn, good class and high quality 
would satisfy everyone and would attract more buyers. With the 
object of finding such a cotton the work at Nandyal has been 
carried on. 

The method adopted in doing this work is as follows :■ — 

tSeed of the lo(!al mixture is obtained frmn a cultivator and is sown 
on a separate plot. AVhen the crop is in flower it is examined and 
a number of the most prolific plants are nmrked . As many flowers as 
possible on each of these plants are selfed. This is very simply done 
by sewing up the apex of the unopened corolla the evening before, or 
on the morning. of the day on which the flower would naturally open. 
The produce of each plant is then collected separately, the kapas 
from selfed and unselfed bolls being kept apart. This is examined 
both as Awpas and after ginning, and the best plants are kept for 
further examination. Next season the seed of these single plants is 
sowm in small plots, giving a spacing of 2' each w'ay for each plant, 
so that it may have full opportunity to develop and show its type of 
habit. These plots are then watched to see if each strain is pure, 
and as many flow’ers as possible in each are selfed. If any of the 
strains are impure, selection is made as in the beginning. The 
produce of the pure lots is again examined, and a further weeding out 
takes place. In the third year there is usually enough seed of the 
final selections to make a comparative test and to sow a plot to give 
seed for next year's sowings. The comparative test is made by sowing 
three lines (long enough to make a plot of 4 cents) of each strain in 
succession, and repeating the series five times. The seed plots are 
sown as far from one another and other cottons as possible, and 
picking for seed purposes is done from the middle of the plot only. 
The comparative test is carried on for at least four years, and as soon 
a,s e,npugh seed is obtained the selections are sown on a large enough 
area to give sufficient lint for a spinning test to be made. 
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The defects that have occurred in this system are inability to 
deal with anything but a limited numlier of eel* ctione, and the omis- 
sion of hybridization. Either because of this, or because the ideal 
plant described above exists only in the imagination, the factremaiiis 
that the results obtained have not been very satisfactory. It 
has been possible to get three out of the four good qualities required 
combined in one plant, but not ail four. For example, No. 60 
combines high yield, high ginning outturn, and good class, but poor 
quality; and No. 14, high jk-ld, good quality, and good class, but 
low ginning outturn. The problem is big enough and important 
enough to 0 (!cupy fully the ejiergies of one man. 

1mprove.ment in the method of marketing. 

The outstanding features of the present methods of trade are : — 
(1)- the system of making forward contracts, (2) indirect dealings 
l)etween firms and producers through the agency of middlemen and 
dealers, (3) direct dealings between firms and producers, (4) the 
pressed bale .system, and (5) the loo.se Ixile system. 


The fonwrd contract system. 

Buying on this system is carried on practically right throughout 
the season. It has this advantage, provided that the d ealer -is reliable 
and financially sound, that the buying firm is enabled to make 
fairly certain that whatever conditions prevail they .shall have a 
share of the ctoj) even before it comes into the market. 

Cases, however, occur when the dealer finds that it will pay him 
(for the time being at any rate, whatever nuiy be the result in the 
long run) to default and hold his cotton for sale at a later date. 

The system has the defect that the buyer does not see what be 
has bought until the cotton is tendered against the contract. In 
theory this does not matter very much. All tliat the buyer has to do 
is to reject or heavily allowance the cotton if it is not up to the 
contract quality. In actual practice this cannot be done to any great 
extent. Any single firm which seriously adopted this attitude would 
find that it could not get cotton. If all the firms concerned 
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would agree upon what qualities they would reject and upon what 
allowances they would make for qualities below their standards, and 
at the same time would agree to pay more for qualities above their 
highest standard, they would get better quality. As the system 
works at present, not only does the standard differ from year to 
year as is to be e 3 q)ected, but it differs from time to time during the 
season. Cotton is, in fact, passed, rejected, heavily allowanced or 
lightly allowanced, as much on the need of the firm concerned for 
cotton, and on the ability of the seller to stand out against allowances, 
as on anything else. The system is, in fact, a direct encouragement 
to the dealer in Itapas to mix as little as possible of a good quality 
with as much as possible of a poor quality in order to get a big lot 
of lint which will be passed with little or no allowance. This he 
does with great regularity. Red Northerns sells at Rs. 5 to 10 less 
than White Northerns. The middleman buys up kapas of our 
No. 2 cotton which is white, and mixes it with kapas of Red Nor- 
therns in the proportion of about 1:2. He sells the lot as good 
White Northerns. 

Indirect dealings between firms and producers. 

The main advantage of this method of doing business is that 
the firm deals with only a few men, which allows fairly sound 
reliable men being chosen, who contract to supply large quantities 
of cotton. 

It has the disadvantage, however, that it places the dealers 
in a position which will permit them to hold up cotton and prevent 
a firm from getting any if they so desire. 

A further disadvantage is that the dealer has not much interest 
in seeing that cotton tendered is of good quality, and the system 
lends itself to fraud. Unless a dealer tenders against a contract 
cotton which he has purchased outright, when he will fight tooth and 
nail against allowances, he has little personal interest in what happens 
to the cotton, so long as it is accepted by the firm. The reason 
for this is that if the firm accepts the cotton with an allowance, 
the deduction is made from the dealer’s client and the dealer himself 
is not affected. 
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Dire<^ decMngs with, ryot^. 

This method has the disadvantage that transactions for small 
quantities have to be entered into, and it is not always easy to get 
at the ryot if he happens to fail to fulfil his contract. 

It has the advantages that it is easier to get at the truth about 
a cotton from a ryot than from a dealer, that a good connection 
can be built up among ryots, and that, while the ryot would gain 
more by the elimination of false weighments, the firm would not 
pay quite so high a price. With the practically total cessation of 
the practice of hand -ginning now, it is more difficult than formerly 
to get into direct communication with the ryot. The gin-owners 
are as a rule also dealers, and prefer to gin for their own middlemen 
and other dealers. Unless, therefore, a ryot is a man of some standing, 
he finds it difficult, if not irnpo.ssible, to get his kapas ginned at a 
power gin, unless he consents to part with the lint to a dealer. 

The pressed bale system. 

The advantage of this system is that the firm does not pay 
for the cotton until it has been cleaned on the cots. There is, 
therefore, no risk of the firm buying sand, stone, weights, etc., 
at the price of cotton. It has the disadvantage that it does away 
partly with the benefit of doing business with dealers, as the latter 
are no more prepared to take the risk of buying other things than 
cotton than are the firms. All the small lots bought by the dealer’s 
clients have therefore to be pressed separately, and the dealer pays 
on the cleaned weights just as the firm does. When' this has been 
done the firm gets the bales, but in the meantime has had to put 
up with the inconvenience of baling a number of small lots instead 
of one large consignment. With this exception the disadvantages 
are on the aide of the seller and his clients. Until the lint is pressed, 
final payment cannot be made. The ryot who has sold direct or 
is a dealer’s client has therefore to wait about until the cotton is 
pressed before he can finish his business and get back to his land. 
He frequently has to wait for some time, which means trouble 
and expense to him, and it may interfere with bis preparatory 
cultivation. 
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The loose bale system. 

This system has the advantage over the pressed bale system 
in that the buyer does not need- to bale a lot of small quantities 
separately, and the seller has not to wait until pressing is over 
before he can complete his business. The dediKdion made for dirt 
is calculated to cover approximately the loss which is incurred in 
cleaning prior to pressing. The other two featiues, the gunnies 
becoming the property of the buyer and the deduction for sample, 
appear to be accidental grafts on to the imiin system. In the first 
(rase, the practice appears to have ariseji out of the desire of the ryot 
to have the transaction completed and done with, so that he does 
not need to return and recover his gunnies. No doubt the value of 
the gunnies was and is included in the price paid for the cotton, but 
the practice has had this result that in very many cases the 
cotton is packed in very loosely woven poor quality gunnies, which 
the buyer finds difficulty in getting rid of. The practice of imking 
a deduction for the sample is one that there appears to be little justi- 
fication for, and which the seller might well object to allow. 

The loose bale system has the disadvantage that the buyer has 
to take the risk of foreign materials being added to make up weight. 
As, however, each man who tenders cotton is known, this trick is one 
which cannot in general be played more than once and results in a 
very handsome deduction being made next time the perpetrator 
brings cotton for sale. To the ryot the loose bale system appeals 
strongly, as he is not kept hanging about for a long time 
together before his business is finished. 

Summary. 

These then are the main features of the present system of 
marketing. It will be seen that the main defects are — 

(1) the lack of real competition owing to the liability of a 

greater or less proportion of the crop being “ bound ” 
before the actual season begins, and the seller having 
to come to a buyer instead of all the buyers to 
the seller ; 

(2) the prevalence of mixing j and 



“ NORTHERNS ” COTTON 313 

(3) in the case of the pressed Imle system, the delay in settling 
business. 

The question has now to be considered as to whether any other 
system could be substituted for the existing system. 

Freer and more open competition would lie gained if the sellers 
brought their produce to one plaie, where each man’s lot would 
have to stand comparison with his neighbour’s and to which buyers 
would come to make purchases. This indicates the necessity for 
the establishment of an open market. 

Mixing <!an best be detected liefore ginning. The produce 
must therefore lx*, sold as hnpas and by the producer. So long as 
there is a difference in rates, as there ip at present between Eed 
Northerns and White Northerns, and so long as the produce is bought 
and sold as lint, so long will the middlemen mix these two qualities 
together and endeavour to sell the mixture at the higher rate. The 
ryot must therefore be induced to bring his hapas into the market 
for sale. Another reason for having cotton brought for sale in the 
form of hapas is that, until the Agricultural Department can 
produce a cotton with all the four good points mentioned above, 
it will be necessary for the firms to offer higher prices for a good 
quality cotton, defective in yield or ginning outturn. Unless they 
buy thi.s cotton as kapas and gin it themselves, they cannot lie 
sure that they are buying a pure article, and in addition will have 
to put up with the laitton lieing damaged in ginning. 

With this system the ryot could either sell outright or on the 
condition that his seed lie returned to him and he lie paid on the 
lint obtained. 

In the first case his business would bo completed in a day 
if he sold the day he brought the cotton to market ; and in the second 
he would, if he had to wait at all, have to wait no longer than he 
does at present for ginning. He would be spared the second wait 
for pressing. 

With this question of the open market is bound up the question 
of honest weighment. There is no doubt that there is considerable 
dishonesty over this operation. The ryot is in the habit of hand- 
ginning a small portion of his produce in order to test the ginning 
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outturn. If therefore he could be sure of the weights of his hapas 
he would have a fairly shrewd idea of how much his lint ought to 
weigh after the hapas was ginned. The most feasible plan would 
therefore seem to be to have the kapcis weighed publicly in the 
open market (probably a platform machine with a dial as used in 
auction marts at home would be most satisfactory) and frequent 
check of weights used outside the market. 

CONCLUSJtONS. 

To sum up, the requirements for the improvement of Northerns 
cotton are (1) more time and research to be given to the improve- 
ment of the plant, (2) better harvesting and preparation for market, 
(3) better ginning, (4) establishment of an open market to which 
cotton would be brought as hapas, and (5) the establishment of 
ginneries properly fitted and constructed, either owned or controlled 
by the buying firms. (1), (3), (4), and (5) are well within the bounds 
of possibility ; (2) will require a large amount of spade work to be 
done by the department, backed by substantial aid from the buying 
firms, before an}' improvement along this line is likely to be brought 
about. 



THE IMPROVEMENT OF “ TINNEVELLIES ” 

COTTON.* 

BY 

Cam. ROGER THOMAS, B.Sc., 

Cotton Expert, MesopotaMjp.. 

(Late Deputy Director of Agriculture, Madras. 

The Tinuevelly tract, with which the subject of this paper 
is concerned, comprises the three southernmost districts of the Madras 
Presidency. Cotton is here cultivated on an area of about 600,000 
acres. The tract is bounded on the north by the Periyar irrigation 
project, on the east and south by the sea, and on the west by the 
Ghats. The compact and somewhat isolated position of the tract 
largely accounts for its individuality, for the conditions obtaining 
here differ in many respects from those in cotton tracts of other 
parts of India. 

COMMERCUL “ TINNEVELLIES ” COTTON. 

“ Tinnevellies ” cotton is essentially a dry-land crop cultivated 
under unirrigated conditions on black soil of varying depth and 
imtural fertility. It is, in reality, a mixture of two distinct 
varieties of cotton known locally as karunganni {Oossypium 
obtmifoKum, Gammie), and uppam (Gossypium herbaceum). The 
distribution of these two varieties within the tract is of interest 
in that karunganni is the more commonly cultivated in the south 
and uppam in the north. In the centr|il parts we generally find 
mixtures of these, but stray plants of either variety may be found 
in almost any cotton field. Until recently it was only in very rare 
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cases that pure crops of either variety could be seen. The dis- 
tribution of these two varieties is believed to be a natural one 
determined by the habitat best suited to each. The south is nearer 
the sea ; the sea breeze blows more frequently and strongly than 
in the north, and the rainfall in the south is generally low and 
precarious. 

The average crop of “ Tinnies ” marketed annually is about 
100,000 bales of 400 lb. each. It is sown in October-November with 
the N.-E. monsoon rains and harvested between March and 
August. With favourable summer rains the crop gives a good 
second flush. 

“Tinnies ” cotton averages about ^ inch in length. It gives 
an average lint outtmii of 25 per cent., and an average acre yield of 
about 300 lb. of seed cotton. It has a slight creamy colour, 
and is strong. F. G. F. “Tinnies” can spin a good 26’8 yarn, 
and is valued in normal times on the Liverpool Exchange at 
about yi. per lb. below “ Middling Americans.” 

Lines op improvement. 

The improvements effected in “ Tinnies ” cotton since the 
department first undertook the work falls under five main 
heads : — 

Firstly, the selection of improved strains ; 
secondly, the propagation of the best selected strains ; 
thirdly, the marketing of these straiirs ; 
fourthly, the introduction of drill cultivation, and the 
manufacture and sale ol drill-sowing and interculturing 
implements ; and 

fifthly, the eradication from the “ Tinny ” tract of a low 
grade cotton of the “ neglectum ” type, known 
locally as “ pulichai.” 

The last two subjects are of sufficient importance to demand 
separate chapters, and this paper will mostly be confined to the 
work done up to the end of the 1917 season on the selection, 
propagation, and marketing of unit strain selections of cotton in 
the “ Tinny ” tract. 
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System op selection. 

The selection work is done entirely at the Koilpatti Agricul- 
tural Station, and thoi^h the system adopted claims no pretence to 
being highly scientific yet it serves a useful purpose, as evidenced 
by the ends attained. The modus operandi may be of interest 
to those engaged on similar work elsewhere. 

In 1908, Mr. Sampson, who was then in charge of the work, 
after examining a large number of plants, decided to confine selection 
work to two main types of karunganni as this species had proved 
to be much more variable in a number of characters than the 
uppam species. One of his types was small, bushy, early flowering, 
and possessing a large number of vegetative branches. Another 
was tall, late maturing, and bearing mostly fruiting branches. 
Since then, and up to the 1917 season, the produce of a largo numbor 
of plants from these two main t}'pe8 bearing superior characters 
have each year been bagged separately in the field. A small bag 
is tied round the neck of the selected plant, and both the bag 
and its contents are left in position until the end of the main 
picking season. 

The examination of the seed cotton from these single plant 
selections involves the scrutiny of a number of characters, amongst 
which are included — 
length of staple, 
strength of staple, 
ginning outturn, 
fineness, 
whiteness, 
silkiness. 

and uniformity of staple. 

More recently the yield of seed cotton per plant has been given 
greater consideration than formerly. Only those plants are reta ined 
and propagated which show all-round excellence. 

In the course of these investigations plants have been dis- 
covered with a ginning outturn as high as 36 per cent, against an 
average of 26 per cent, for “ Tinnies,” and others having a staple 
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of inches as compared with an average of ^ inch for “ Tinnies.” 
The available evidence seems to point to the fact that in seed cotton 
excellence in length of staple and in ginning outturn are to a 
certain degree mutually antagonistic. Very few unit strains have 
been discovered which combine these characters. The selected 
stram having a staple of 1 J inches had a ginning outturn of 25 per 
cent, only ; and the strain which ginned at 36 per cent, had a 
relatively short and coarse staple. It naturally follows, then, that 
of the 500 odd plants selected each year a very large proportion 
lias to be discarded. 

Having survived this preliminary test the question of pro- 
pagation arises. The single plant selections which do survive, 
(generally about 50 in number) arc in the second y^’car grown com- 
paratively in three-line contiguous comparative plots, each bearing 
about 75 plants. Those which do not breed true to type, or which 
are in other respects inferior, are at this stage discarded. Here 
again, as at all subsequent stages, the comparative y'ield of lint 
per unit area is given due consideration. The best “ three-line 
selections are propagated on to the “ field-plot scale of 5 cents 
in the third year when they are again tested against each other, and 
on to the “ field -crop ” scale of one acre in the fourth year. By this 
time only some two or three select ions remain. In the sixth year 
these are grown on contract by ryots in the usual ryotwari manner, 
except that they are drill-sown. The seed cotton is purchased 
by the department at special rates, is ginned at the Koilpatti 
farm, and tested in the local spinning mills. The best strain is 
then propagated in the seventh year on the maximum scale of about 
400 acres under “ seed-farm ” conditions on contract by ryots. 
The seed cotton from the whole of this area is again purchased 
and ginned by the department, and the seed sold to the public. 
Even then, in its eighth year, a unit strain selection cannot be 
grown on a sufficiently large area to command the attention of 
exporting firms, as distinguished from local spinners. In the ninth 
year the outlook is materially changed, for the unit strain can then 
be grown on an area exceeding 10,000 acres, and the produce can 
be marketed and shipped in bulk. 
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“ Company ” cotton. 

Such, in briel, is the outline of the history of the unit strain 
selections now being marketed on a commercial scale as “ Company 2 ” 
and “Company 3” (or as “ Karunganni 2” and “ Karunganni 3, ” 
as some firms prefer to call them). The former fiist arrived 
at this stage in 1915, and the latter in 1916. This stage is, perhaps, 
the most critical in the history of any unit strain selection. Up to 
this time exporters would offer no premium for this cotton and 
the produce was sold to the local spinning mills at a nominal 
premium which rose steadily from Rs. 3 per candy of 500 lb. in 
1913 to Rs. 7 in 1915. We feel our indebtedness to these mills 
for the support thus given, without which the progress of the 
work would have been seriously’ handicapped. This experience 
may be of use to those engaged in similar work in making arrange- 
luents for msirketing selected cotton, when available in small lots 
ordy, to local spinners rather than to cxjjorters. When such cotton 
becomes available m thousands of bales the premium offered will 
adjust itself commensurate with the intrinsic value of the cotton. 
Exporters become interested and competition follows. 

Marketing. 

At the (iommcnceiuont of the 1916 season a circular letter 
was issued to all the local cotton ftrnus intimating them that there 
would bo on the market that year some 1,600 candies (of 500 lb.) 
(tf “ Company 2, ” and 400 candies of “ Company 3.” Samples 
of both types were sent to each firm. They were further informed 
that the department could arrange the delivery of the major portion 
of these cottons in a pme form. On the strength of this guarantee 
premiums were offered by practically all the local firms. These 
premiums varied from Rs. 4 to Rs. 10 per candy of lint, in excess of 
tlie ruling mai'ket price of “ Tinnies ” on the date of delivery or of 
contract. 

Cotton improvement in Tiimevelly has the Kodpatti Agii- 
cultural Station as its nucleus. The Farm Manager, in addition 
to his more legitimate duties on the farm, is responsible for the 
general supervision of district work throughout the tract which is 
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divided into four circles each in charge of an Agricultural Demons- 
trator. When offers of premiums were received by me from the 
cotton firms early in 1916, these were immediately communicated 
to the Circle Demonstrators. They, in their turn, conveyed the 
happy news to those ryots who had grown “ Company ” cotton. 
The ryot is left to decide for himself as to which firm he will take 
his cotton — but he is no such fool as not to take it to the highest 
bidder. This led to an interesting development. Many of the firms 
were anxious to procure sample consigrunents of these cottons, at 
least in sufficient quantity to place them on the Indian and foreign 
markets where “ Tinnies ” are commonly used. Competition led to 
over-bidding, and the 1916 season closed with a premium of Rs. 16 
per candy being offered for unlimited quantities. The competition 
was so keen that I received open offers from more than one firm of a 
premium of one rupee in excess of what any other firm was prepared 
to give. This made my position impossible. Needless to say, 
such offers were discountenanced, and only offers of specific pre- 
miunis expressed in rupees were communicated to the Demonstrators. 
I here desire to emphasize the fact, and to make it absolutely clear, 
that at no stage has there been any hankering whatsoever for 
enhanced premiums. Subsequent to the issue of the original 
circular letter already referred to, no firm was invited to raise 
its premium, neither was it informed what premium was being 
paid by any other firm. All offers of premiums, subsequent to 
those first conununicated in reply to my circular, were unsolicited. 

I have dwelt at some length on this topic because in a tract 
where the competition is already keen it is so easy to give offence 
to or clash with the interests of cotton firms in such a w a w hat 
that they may refuse to continue to give their support to cotton 
improvement work, without which it would be extremely difficult for 
the department to continue its efforts. 

Now of the 2,000 candies of lint of what has been designated 
“ Company ” cotton, reported to the various firms to be available 
in 1916, only some 120 candies were grown on contract by ryots 
for the department for propagation purposes. Eegieters had, 
however, been maintained noting toe names of those ryots to whom 
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peed had been distributed at the time of sowing. It was incumbent 
upon the department, therefore, to devise some means of ensuring 
the delivery direct to the firms of “ Company ” cotton grown 
privately by ryots. With this end in view a system of certificates 
was instituted whereby the purity of the seed cotton was guaranteed. 
These certificates guarantee the purity of the seed cotton delivered. 
They ensure that the ryot will receive the maximum premium for 
his produce. They further ensure that, as long as the cotton is 
available in sufficient bulk, it will be brought to the notice of foreign 
markets in its pure state — ^at least, I should say, by those firms 
who would prefer not to use it for grading up inferior quality 
“ Tinnies.” Other useful purposes which these certificates in- 
cidentally serve will l)e alluded to later. 

This last year, 1917, the quantity of “ Company ” cotton on the 
market was estimated at about 12,000 candies of 500 lb. The 
greater portion of this has naturally been delivered to those firms 
which were most anxious to procure it, that is, those which paid 
the highest premium. Agents of other films tell me that a 
premium of Rs. 16 per candy is inflated and does not truly represent 
the intrinsic value of this cotton. For, they say, at present rates, 
this premium involves an aggregate cost exceeding that paid for 
Middling Americans. I have been informed on the authority 
of the agent of an Indian cotton mill who has experience of this 
cotton that by using it for the usual “ Tinnies ” counts of 25’s 
yarn there is a saving of 10 per cent, in mill production attributed 
to the regularity of staple and cleanliness. It so happens that this 
saving, in itself, more than compensates the mill-owner for the 
premium of Hs. 16, apart altogether from the enhanced value 
of the cotton due to its higher spinning qualities. In 1917 the 
premium paid has varied from Bs. 10 to Es. 15 per candy of 500 lb. 
of lint. This slightly deoreaaed premium is to be attributed chiefly 
to the receipt of unseasonal rains which were adverse to the whole 
“ Tinny ” crop, not excluding “ Company ” cotton. The latter 
was not so conspicuously clean as in 1916. And cleanliness and 
whiteness, unfortunately, take precedence with some exporters 
over quality of staple. 
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Average samples of the 1917 “ Company ” crop were again 
tested for their spinning qualities, and it is pleasing to note that 
they have maintained their high standard of 40’8 counts. 

It remains to be seen how the premium ofEered for “ Company ’ 
cotton will fluctuate in the future. But I have a shrewd idea 
that, before many summers have passed, “ Company ” cotton 
will be grown on such a scale that it may be purchased at just a 
nomiml premium, if any, even when certified to be pure. There 
have been many instances in the past season where “ Company ” 
cotton has been delivered to firms unaccompanied by certificate 
and no premium paid for it. I have in mind one outstanding 
case where an exporting firm submitted for valuation to arbitrators 
in the Liverpool Cotton Exchange samples of — 


(a) “ Ordinary Tinnics,'* which was valued at . . 

(b) “ Good Avorago Tinnies ” which was valued at 

(c) “ Company 2 ” (certified) „ „ „ „ 

{d) “ Company 3 ” (certified) „ „ 


Rs. p(‘r 

189 candy 

I97J of SOO 

I97i lb. of 

199 lint. 


The astonishing part about these valuations is that “Company 2 ” 
was valued at the same price as “ Good ’Average Tinnies.” 
This was of special interest and ct.rtainly demanded further investi- 
gation. The origin of the “ Good Average Tinnies ” was enquired 
into, and it was discovered that a large proportion of the cotton 
delivered as such by the dealers at the ginning factory was un- 
certified “ Company 2 ” grown from seed sold to the public in the 
previous season. 


Cultivator’s profits. 

In order to reap maximum profits the ryot who grows 
, “ Company cotton relies on three separate factors, namelv, the 
• superior quality of the. Unt, the high g inni ng .. percentage- of the 
seed cotton, and on the premiiun..which .the seed commands. The 
average acre yield of seed cotton is only slightly higher in the case 
of “ Company ” cotton than in ordinary “ Tinnies.” 

Firstly, then, an average premium of Ks. 12 per cow% of 
600 lb. means an additional profit of Rs. 2 per acre. 
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Secondly, cotton giving an averaga ginning outturn of 32 
per cent., as compared with 26 per cent, for “ Tinnies, ” means an 
additional profit of Rs. 9 per acre. It is this factor — ^a high ginning 
percentage — that will make it profitable to the ryot to grow 
“ Company ” cotton in the absence of any premium. This further 
explains why middlemen find it profitable to pay him a premium 
as high as Rs. 3 per pot hie of 250 pounds for seed cotton of 
“ Company 2 ” ginning at 28-29 per cent., and Rs. 6-6 for 
“ Company 3 ” ginning at 31 to 33 per cent. At this price the 
middleman still makes a profit even when he receives no premium 
for the superior quality of the lint, for certificates guaranteeing 
purity are issued to actual cultivators only. 

Thirdly, there is a demand at present for " Company " seed at 
a premium, and this* means an additional profit averaging about 
Rs. 4 per acre. 

This makes an aggregate net profit of Rs. 15 per acre in a 
normal season, in excess, I may point out, of the profits that could 
be made by growing ordinary '* Tinnies." These large profits 
were made by the relatively few who grew " Company cotton 
in 1916, and this served in 1917 as an excellent advertisement. 
The demand had become so great in 1917 preparatory for the 
1918 crop that the seed available was quite inadequate to meet 
the demand. The 1917 crop of " Company " cotton was estimated 
at about 70,000 acres. 


Co-operative sales. 

It has now been made sufficiently clear that Mr. Ssinipson has 
succeeded in turning out high grade varieties of cotton which can 
be profitably grown on the local black soil, and which are superior 
to anything the ryot had hitherto at his command. It still rested 
with the department tc organize— 

(a) a system by which these cottons could be marketed 
in an unadulterated form to the mills on a wholesale 
scale ; and 

. (b) a system by which any unit strain could be propagated 
on the maximum scRle in as short a time as possible. 
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A branch, of work which has received much attention for the 
past four or five years is the co-operative sale of cotton by the 
cultivators direct to the firms. Tncidentallj’’, the success that has 
attended this branch of work has been the keystone to the successful 
propagation of “ Company ” cotton and its being marketed for 
the greater part in an uncontaminated form. 

The system of co-operative sale of cotton as instituted in the 
Tiimevelly tract is in practice a simple operation, but many difficulties 
which impede the progress of the work have to be encoimtered. 
Broadly speaking, the ryots of a village, or of adjoining villages, are 
induced to pool their seed cotton and deliver it in bulk as one 
consignment direct to the giimery. When this can be done , each firm 
has expressed its readiness to clean out its gins previously so as to 
avoid accidental missing of seed in the gins. Payment is made 
by the firm for the lint on the day of delivery to one of the co- 
operators who acts as spokesman to the party. He divides on 
the spot amongst his fellow co-operators both the proceeds and the 
seed obtained in direct proportion to the quantity of seed cotton 
delivered by each. As is the local system, each ryot takes back 
his seed to the village or sells it locally to a seedsman. The cotton 
firms here deal in lint only. All the details of the transac- 
tion are left to the co-operators ; and up to the present not a 
single case has been reported to me where there has been any 
serious difference of opinion in regard to payments made, 
etc. 


System of certifying purity. 

The progress of this co-operative effort has been accelerated 
by the fact that in 1916 there was on the market a fair quantity 
of “ Company ” cotton for which a premium was offered by the 
firms conditional to its being marketed in a pure form. An attempt 
was made to effect this end by promising to every grower of 
“Company” cotton one of the certificates already alluded to 
guaranteeing the purity of his produce. But a condition was 
imposed that a certificate would only be issued if he agreed to 
sell his cotton co-operatively with bis neighbours. 
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I have previously referred to the xiae that is being made of 
these certificates. I will endeavour further to explain some of the 
useful purposes which they have been found to serve. 

There are two (jertificates— A and B — issued on differently 
coloured strong paper. Certificate “A ” bears the name of the ryot 
who has grown “ Company ” cotton, his father’s name (for identi- 
fication purposes), the total area under cotton cultivated by him, 
the area under Company ” cotton, the quantity of seed cotton 
previously ginned co-operatively in the current season, the quantity 
now ginned, the value received for his cotton, and the market rate 
■of “ Tinnies on the date of sale. This certific.ate is issued to the 
ryot by the (.'ircle Demonstrator who knows him personally and has 
inspected his standing crop. The Demonstrator signs and dates it, 
and the ryot, on delivery of his cotton, hands it over to the mill 
agent. The latter endorses it and posts it to the Deputy Director of 
Agricultme for registration and check piu-poses. Certificate “ B ” 
consolidates all the A ” certificates brought in by a number of 
ryots when they deliver then gootls. Ryots now realize that these 
chits are often worth considerably more than then weight in gold, 
and a check on their issue has been foimd necessary. They are 
numbered consecutively and the unused balance remaining at 
the end of the season is destroyed. 

This system of certifying the purity of cotton was originally 
introduced with the primary idea of meeting and checkmg attempts 
at adulterating “ Company ” cotton, for reports from other provinces 
indicated that wilful adulteration had been there a formidable 
bar to the progress of cotton improvement work. When a ryot 
is caught in an attempt to deliver under certificate adulterated 
“ Company ” cotton, that certificate is forthwith cancelled, no 
premium is paid for his cotton, he is blackballed for the ensuing 
season, and those who co-operated with him are penalized for 
permitting him to talm such, liberties. 

These certificates, then, have not only fulfilled the purpose 
for which they were originally designed, but they have done much 
more. Yet the scale on which it will be possible to distribute 
them in the future will always be strictly limited as long as we 
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continue the practice of issuing them to individual ryots. The 
staff at the disposal of the department could never cope with the 
work involved by such a wholesale distribution of certificates ; 
because it is the duty of the Demonstrator to inspect both the 
standing crop and the cotton marketed, and to satisfy himself 
before issuing the certificate that each of these is pure. This system 
of certifying the purity of cotton, though it has served om' immediate 
pmpose, has its weakness. 

Village seb:d-unions. 

This brings us to the question of village seed-unions. These 
are a recent development of the system of co-operative sale of cotton 
originally instituted by Mr. Sampson. I have, personally, pinned 
my faith all along to these seed -unions as being the keystone to the 
successful continuance of improvement work with ” Tinnies 
cotton. The necessity for organized effort to control the supply 
of selected seed was first seriously felt in 1915. So in 1&16 six 
seed -unions were organized, on a tentative basis, in those villages 
where imjjrovement work was most advanced. In two of these 
villages Agricultmal Co-operative Societies ahcady existed. Ryots 
who had pooled then seed cotton and had sold the lint co-operati\ely 
were induced to go one stage further and pool their seed for sale 
])urposes. This had to be stored until the sowing season approached 
and then sold to the public at a premium. Here the same difficulty 
arose as had been previously experienced with the co-operative 
sale of cotton. The Tiimevelly ryot is generally a small tenant 
farmer and lives a hand-to-mouth existence. If he defers the sale 
of his produce he may increase his indebtedness, due to interest 
on loans, out of all proportion to the additionsil profits nuide by 
holding up his goods. The obvious solution to this contingency 
is to form co-operative societies through which the ryot may obtain 
advances on his stock at reasonable rates. The Co-operative Socie- 
ties Department has given us much assistance in this direction. Up 
to the present some 12 seed -unions have been formed. Experience 
was gained with those first formed in 1916 to avoid pitfalls in 
extending the work ir 1917. 
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Before a seed-muon is now organized in any village the way 
IS first paved by the Circle Demonstrator for the formation of a 
co-operative society. The co-operative officers concerned are 
then invited to enquire into the feasibility of forming a co- 
operative credit society in that village. If this can be done a 
seed-union follows with a suitable constitution and by-laws. The 
members can, if they so desire, then borrow money from the urban 
bank through the co-operative society. 

Seed-unions are located in such a manner as not to interfere 
with each other’s sales. They made such profits from the sale of 
seed from the 1916 cro]) that in 1917 numerous petitions were 
received from village pan(;ha 3 ’'at 8 to fornx similar unions. “ Com- 
pany seed sold at prices varying from Rs. 12 to Rs. 24 per pothie 
of 250 lb., as compjired with Rs. 8 to Rs. 10 for bazaar 
seed. 

!^ed-unions now form the chief agenc\' for distributing improved 
seed. Each seed -union has its own seed farm approximating 
in area to one-twentieth of the area grown under cotton by all 
the union members. Each year the department supplies the 
union with ample seed to cultivate this proportionate area in 
each seed -union village. The seed from this area is retained for 
their own use by the members in the following year. In the next 
year there is ample seed available with the union to supply to the 
public ; but the union carries on with its own seed farm each 
year. 

Such a system, when perfected and widely organized throughout 
the tract, will further be invaluable in. hastening the propagation 
of any unit strain selection that may be found superior to those 
already marketed. Thus, seeing that a unit strain can be grown 
on an area of 20 acres after six years’ propagation and pre- 
liminary testing, then assuming that it will yield twenty-fold 
it can — 

in the 7th year be Rrown on 400 acres of seed farm, 
in the 8th „ „ n 8,000 acres of union seed farm, 

in the 0th „ „ „ 160,000 aci*es of union lands, and 

in the lOtb „ „ 3,200,000 acres sovru from seed sold to the pubUo from seed 

unions* 
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But the Tinnevelly tract only comprises an acreage of 
about 600,000. Hence allowing for an appreciable loss of seed 
each year for use as cattle-food, it should be possible in actual 
practice for any unit strain to be propagated under this system 
over the major portion of the tract within 10 years. This is, of 
course, assuming that such a unit strain would surpass anything 
previously placed on the market. For this piupose, it would be 
necessary, in theory, to organize and control not more than 76 
seed-unions, each running its own seed farm averaging about 20 
acres. This, I claim, is not beyond the possibilities of practical 
politics, but in practice numerous difficulties have to be encountered 
which, though they retard the rate of progress, have not been 
tound to be insurmountable. 

Departmental seed farms. 

Until the necessary seed-unions have been fully established 
it will be incumbent upon the department to continue its present 
practice of growing unit strains on contract on a much larger 
area than the theoretical 100 acres. Up to 1916 the average 
area under contract seed farms was about 500 acres. In that 
year special arrangements had to be made to increase the area 
in order to meet the “ pulichai ’’ situation. The area under ordinary 
contract seed farms, whereby the department purchased the seed 
cotton, was reduced by one half, and an area exceeding 2,000 acres 
was grown on contract whereby the department purchased and 
handled the seed only. This work, I may say, was done on the 
financial allotment originally made by the Government to contr.act 
for 600 acres of seed farms. Under neither system of seed farms 
does the Government stand to lose anything by the transaction. 
In spite of the premiums given by the department to contracting 
ryots this work is being run at a slight profit as the lint always 
fetches the best market-price obtainable and the seed is sold at 
enhanced rates for sowing. All the departmental seed grown on 
contract in 1917 (apart from the stock held by the seed-unions) 
found a ready market at 50 per cent, above the price of local 
seed. The demand was considerably in excess of the supply. 
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AoirLTEEATION AND “ PULCHIAI ” ERADICATION. 

The improvement of “ Tinnevellies ” cotton is vitally con- 
cerned with the maintenance of purity. And as “ pulichai ” eradi- 
cation has been given precedence for the past two seasons over all 
other work, it deserves at least a passing reference. 

Adulteration — ^that insidious and cankerous disease to which 
so many branches of Indian trade evince a predisposition — ^at 
one time threatened not only to impede the progress of cotton 
improvement work in Tinnevelly, but, had it not been checked, 
would probably have in course of time reduced the value of “ Tinnies” 
to that of “ Bengals.” 

The adulterant in Tinnevelly is locally known as “ pulichai,” 
being a variety of Oossypium neglectum. It is a recent intruder 
into the Tinnevelly tract, and was first noticed in an appreciable 
quantity some eight years ago. The local firms, on their own 
initiative, attempted in concert in 1910 to stamp out this weed, but 
with little success. In 1915 the situation had become so serious 
that foreign markets complained of the tendency of “ Timiies ” staple 
to deteriorate and they allowanced accordingly. Action was then 
taken by the Agricultural Department in co-operation with all 
the local firms, and with the revenue authorities. I am glad to 
be able to record that with this united effort the area under pure 
“ pulichai ” was reduced from at least 1,000 acres in 1915 to 
about 90 acres in 1917, with about ten times this area under 
“pulichai” mixtures in which the “pulichai” did not exceed 
20 per cent, of the crop. The produce from the whole of the 191 7 
“ pulichai ” crop was bought by the Government at 25 per cent, 
below market rates for “ Tinnies, ” which price represented 
its intrinsic value as “ Bengals.” The seed derived therefrom 
was publicly burnt to pre^'eltt further propagation. I have 
a firm belief that there will be very little, if any, pure “ pulichai ” 
cultivated this year. But there will naturally be accidental mix- 
tures ; and the cotton firms, in view of the success that has already 
attended these efforts, have decided to continue their share of the 
work but with increased penalties for any “ pulichai ’* received in 
deliveries against “ Tinnevellies ” contracts. Those interested in 
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this work will find further details in the Annual Reports of the 
Madras Agricultural Department for the years 1915-16 and 1916-17. 

I have here made special reference to this latter branch of work 
l)ecause its success is intimately associated with the fact that at the 
crisis in 1915-16 we had at hand in one of Mr. Sampson’s unit strain 
selections, namely, ‘‘Company 3,” a cotton which could oust “puli- 
chai ” at its own game as far as ginning percentage was concerned. 
M'hereas for spinning quality it can spin good 40 s yarn as compared 
with 12's for “ BengaLs ” of the mglectum type. We claim to have 
saved “ Tinnies ” from the fate that has befallen medium staple 
cottons in other parts of India, and if legislation can be introduced 
at this stage making it a penal offence both to grow and to gin 
“ pulichai ” cotton, then the high position held by “ Tinnies ’’ 
on the world's cotton markets will not only be saved but will be 
se(!ured. 

In regard to district work generally, I may add that no small 
part of the success that has been attained is to be attributed to the 
college -trained subordinate staff who, though new to much of the 
work, have far exceeded my expectations. The work demanded a 
degree of tact, resoui'cefulness, and industriousness on their part 
of no mean order. And as long as our Agricultural Colleges can 
turn out men of this calibre it will always be a pride and a 
pleasure to work with them. 
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PART IL OUTLINE OF PROPOSED CHANGES -(co/fcW.). 

Types of new villages. ^ 

In the first place it is necessary to get a clear idea of the kind of 
village we wish to facilitate the growth of. In the neighbourhood 
of Allahabad the size of the administrative villages varies very 
considerably, from 200 acres or so up to about 3,000 acres. The 
largest villages are disliked owing to the excessive complication 
of the accounts, and the need of employing two or three patwaris 
(village accountants). On the other hand the small villages cannot 
support a single patwari, and one man acts for t?wo, three or even 
four villages. Some administrative villages are without any 
inhabited site at all, the owners having migrated and the land 
being let or sold to inhabitants of surrounding villages who walk 
thence to cultivate their fields. For revenue and other administra- 
tive purposes, as well as for our purpose of consolidating holdings, 
it will be desirable to adopt a policy of freedom in altering, and 
particularly in enlarging, village boundaries, so as to produce 
compact villages varying from 2,000 acres dp to 3,600 acres. 

( 331 ) 9 
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As such villages will often embrace four or five existing villages 
there will be four or five abadis, as may be found in some villages 
now. In the Punjab where rainfall is slight the choice of an 
abadi lies between several squares in an administrative chak ; but 
where the monsoon rainfall (June to September) exceeds 20 inches, 
dwelling sites must be chosen with care ; and there are not many 
to be found which will be dry in a wet monsoon and yet be 
conveniently located for water-supply and other purposes. The 
question of dwelling sites is much too complicated to be settled by 
external authority, and I think it was a pity that Mr. Moreland in 
his note raised the question of villagers migrating to live on their 
holdings, as the replies of a large proportion of the zemindars to 
whom the note was circulated are in opposition to the consolidation 
of holdings on the ground that the cultivators will refuse to leave 
their abadis and go to live on their holdings. The two questions 
are really entirely distmet, and should be kept so. The experience 
of thousands of square miles of the canal colonies shows that it is 
perfectly possible to have compact holdings lying at varying 
distances from the abadi in which all villagers live. A large abadi 
there becomes almost a little town, with properly planned streets 
and several shops, a school, and open market square. 

If the cultivators ultimately find that the agricultural advantage 
of living on their holdings outweighs its social and other 
disadvantages, they will move out of their own accord, provided 
legal facility is given for them to obtain consent to build and also 
compensation for such improvement if ejected. If this protection be 
granted, the question may be left, I think, to settle itself. Facilities 
should also be arranged where desired for gradually rebuilding 
existing abadis on their present sites, so as to provide more space, 
wide roads, and better sanitary conditions in every way. 

The arrangement of the fields, when a new allotment is made, 
should have reference not only to the requirements of agriculture, 
but also to the convemence of the revenue and land record officials, 
and also of the Irrigation Department in districts watered by canals. 
In my opinion no account should be taken of the evistin g fi.eld 
boundaries. A clean sweep should be made and redistribution 
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carried out on the simplest possible plan. There is no doubt that 
the rectangular field system, adopted in the Punjab colonies, has 
here, as in America, very great advantages. Whether the fields be 
actually made squares or rectangles all field measurements are 
greatly simplified, and water is saved in irrigation. A further 
advantage is that boundary stones cannot be shifted without detec- 
tion, since the observer should always see in each direction long lines 
of posts at equal distances in a straight line. It does not seem to me 
necessary to insist on the new compact holdings being fenced in, 
but owners or occupiers should be at liberty to put up boundary 
fences, of which not less than half the thickness must be on their 
own land.* Fencing with mud or kachoha brick walls, or wire, 
should be encouraged, and hedges dis(!ouraged, e.Kcept perhaps for 
enclosing pasture. 

As regards the latter, the allotment would always provide 
grazing ground close to the ahadi, and usually this would be split 
up into fields of alxiut two or three acres in size so that each culti- 
vator could have a paddock for his cattle. An alternative plan 
would be to have the grazing land immediately around the village 
spilt up into two or three large enclosed fields of from 20 up to 40 
acres each, in each of which certain villagers would have specified 
grazing rights. Each house would also have a small yard of one- 
sixth or even only one-eighth of an acre immediately beside the 
house. Any stretch of waste land lying at a distance from the 
ahadi could also be reserved as a pasture ground and be enclosed 
with a ring fence so that cattle could be left there safely enough 
during daylight without children posted to watch, and in some 
pltmes perhaps at night. It must be remembered that one result 
of the rural reorganization should be to bring a school to every 
village, where a curriculum having a definite relation to the 
principal occupation would be taught ; consequently the cheap 
labour of children would not be available for watching cattle, 
and they must be prevented by fences from straying into the corn- 
fields. 


• TIm praiwUoA ovsr tha aoighbour’a lud ahoold b« limited to 12 inehM. 
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Enlargement op holdings. 

In the first part of this paper I have already indicated my 
reasons for wishing to see a considerable increase in the average size 
of holdings cultivated, in order that a higher standard of living may 
be introduced and have the opportunity of perpetuating itself. 
The actual size of holdings should vary considerably. It is always 
a false ideal to aim at uniformity where the natural conditions of 
utilization and of social evolution demand variety. In the first 
place, the size of holdings must vary according to the character and 
fertility of the soil and the nature of the farming for which the 
climate and distance from market render it suitable. In the second 
place, different cultivators differ very much as regards the area for 
which they have sufficient capital or sufficient managing ability. 
I have come across cases within no great distance from Allahabad 
where men are said to be farming as much as 200 to 300 acres, some 
of which they own, but most of which is rented in a multitude of 
small fields.* Such men must have considerable managing ability ; 
and if they could get compact areas of 300 acres or so, they would 
probably be ready to learn improved methods and introduce labour- 
saving machinery. 

It would appear that in the central parts of the Ganges plain, 
outside the canal irrigated area, the mode about which the holdings 
of cultivators wholly or mainly dependent on agriculture for their 
livelihood vary in size is about 8 or 9 acres. | 

It is not easy to get actual statistics of areas cultivated owing 
to the fragmentation of the fields, and to the fact that the renting 
of fields in an adjoining village as a sub-tenant is a not una)mmon 
practice. It is impossible to trace such cross-lettings except by a 
close analysis of the patwari’s registers {khatauni-jatmbandi) of a 
large group of conterminous villages, or by personal enquiries on 
the spot. A classification of the holdings of one village considered 

^ is hearsay cvicienco gathered iu the villages aud requires confirmation by detailed 
inquiries, l^he largest figure mentioned was 600 bighas, and possibly much of it is worked on 
the share system. 

.. t is defined by statisticiaiw as the inosjb frequently occurring number or size in 

any series, or “ the number of which most instances can be foimd.’’*- (Bo w^ of 

Staiiaiicsp ' • v . . . . . 4^' , • 
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to be very probably t3q)ical of the dry area of the Lower Doab is 
given in the following table : — 


Sises of groups 



Number in each 
group 

Number in half- 
acre groups 

1 acre and under* 





48 

26 

2 acres and over 

1 




41 

22 

If tt 

2 




•21 

28 

4 .» ,» «i 

3 




17 

13 


4 



•ft. 

11 

14 


5 




9 

7 


6 




2 

7 


7 




8 

10 


S 


aa* 


4 

6 

10 

9 




1 

5 


10 




3 


12 

11 




1 



12 




3 


14 „ ,, ,, 

13 




1 


Ih ,, 

14 




0 


16 

15 






17 «t 

16 

.M- 



1 


Over 17 acres 

38*4 acreH 





1 


49*5 .. 


... 



1 



* The original figures arc given in bighas» biawas (20aal bigha)t and bisvansia (20 bb 1 bi.swa) 
and liave been converted at the rate of 32 biawasaal acre. 


These figures are plotted in the following graph, which shows 
that the mode is approximately one acre : — 

SOt 
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0 io 20 30 ,40 SO 

SIZS (in Acres') 

FiotrBi 1. Asai>ulL4B*Pitb Eohx Vxiuias. 

The ordinates (distanoes measured vertically from the base line) represent the numbers of 
onltivation holdings (farms) in each one-acre group ; and the absciss® represent the si»e of 
the area groups in acres. The groups are defined as in the above table. 
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Taking all matters into consideration, it appears to me that a 
proper arrangement of the size of holdings, in accordance with the 
principles which have been outlined in the earlier part of this paper, 
would produce a graph of the shape shown by the continuous line 
in figure 2 below. The size distribution which seems now to prevail 
is indicated by the broken line. 



Sire Aifff® 

Figure 2. Hypothetical Example. 


The broken line Is intended to illustrate the present sise distribution of the existing 
cultivation holdings in a tahsll or district ; and the continuous line represents the idie 
distribution which is here advocated as desirable when reorganisation of holdings is undertaken. 


In both of the curves we see two peaks, corresponding to two 
distinct modes. Examining the curve representing the proposed 
rearrangement and enlargement of holdings we find that the first 
and lower mode occurs at a size of between two and three acres, 
whilst the other, or greater mode, occurs at about 29 or 30 acres. 
This curve would be interpreted to mean that there are in the 
group of villages represented farms of all sizes from two acres up 
to 200 acres, but that there is a considerable number of Hmall holdings 
cultivated of about 2J and 3 acres in size, several of four acres, and 
a few of six, seven, eight or nine acres. There axe rather more of 
10 acres, and a few more of U or 12 acres ; and for each successive 
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size a greater number is to be found up to the size of 29 acres, after 
which the number of farms in each acre group declines pretty 
rapidly at first and then slowly, meaning that there are a dozen 
farms or so of each size up to 50 or 80 acres and a few miich larger 
farms up to 200 acres. I am here using the word ‘‘ farm ” in the 
sense of cultivating unit. The very small ones of two up to five 
acres in size would be small holdings cultivated by artisans and 
labourers having some other occupation as their principal means of 
livelihood. Farms above 40 acres would mainly be cultivated by 
persons of special intelligence and aptitude or of considerable 
capacity, in many cases trained, we may hope, by one of the agri- 
cultural colleges. 

The advantage of having such variety in the size of holdings 
is that, in the first place, it gives scope to enterprising cultivators 
who may be able without going to another district to move from a 
small to a considerably larger farm. In the second place, it tends 
to introduce variety in the methods of cultivation in any district. 
Consequently such of the larger farmers as are progressive and have 
sufficient capital will be a good example to those who for the time 
have only small holdings. Another important point is to introduce 
flexibility in the size of holdings so that cultivators may easily add 
to the area which they are farming when neighbouring land falls 
vacant. The rectangular field system as laid out in the Lower Bari 
Doab Colony would seem to lend itself excellently to this, as the 
squares are subdivided each into 25 fields of exactly one acre, which 
are numbered uniformly throughout the whole colony according to 
an officially established system. 

Removal of surplus population. 

The average size of holdings which I have indicated as desirable 
to be adopted as the mode is rather more than three tunes the mode 
of the existing cultivating unit. If the sole change were in the 
increase of the size of the holdings, it would simply mean that after 
the redistribution the land was to be rented to those of the prexnous 
cultivators who could best manage larger areas, and that the others 
would continue to reside in the villages, working on the farms as 
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labourers. It is an express object of the proposed policy of increasing 
the size of holdings thereby to create an opportunity for the introduc- 
tion of better methods of cultivation ; consequently so far as capital 
becomes available for employing labour-saving machinery there 
must be a displacement of hired agricultural labour. By the opening 
of better co mmuni cation with railway stations, which should be an 
integral part of the scheme, there will not only be a rise in the values 
of farms and of the articles produced at the farms, but also increased 
competition of factory-made goods brought from outside to the 
villages, which would tend still further to kill the local home indus- 
tries and crafts of the village artisans. Consequently there would 
be little opening for the displaced labourers in the village industries. 
The fact has to be faced that the introduction of labour-saving 
implements and machinery — even putting an efficient steel plough 
drawn by strong bullocks in place of the present country plough — 
must tend to reduce the population of the agricultural districts in 
India as it has done in other countries. Two very difficult questions 
arise : (1) how a selection is to be made of those cultivators who are 
to be lucky enough to get the new enlarged holdings ; and (2) what 
is to be done with the surplus able-bodied men who would not be 
required as labourers, and cannot be allowed to remain destitute in 
the villages ? 

The tentative solutions of these problems which I would offer 
for consideration are as follows : The rentals of the new holdings 
must necessarily be fixed at a higher rate per acre to cover the cost 
of reorganization and to cover the interest on capital which, it is 
hoped, landlords may be induced to spend upon them, or Govern- 
ment to advance ; and as most of the holdings would be more than 
three times the size of the present ones, many of the evisting culti- 
vators would be unable to face their high rentals and there would 
not be excessive competition for the holdings. It might, indeed, 
in some places be necessaiy to subdivide some of the larger newly 
made holdings in order to get tenants who could prove themselves 
actually able to pa,y the rent. By such a process of economic 
selection, working from a la/rge average size of holding down to such 
srnaUer average size as proved iisdf to be staUe, the best farmers, from 
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the cultivating and business point of view combined, would be 
automatically selected. The solution of the second problem of 
moving the surplus of competent adult labour would, I think, be a 
doxible one. Some would be offered the opportunity of talcing up 
waste land in distant parts of India where population is badly needed. 
Others would be assisted to migrate to the towns where industries 
are growing ; and they would be given every inducement to 
settle down there so as to form a permanent industrial popula- 
tion. 

The enquiries that I have made show that there are waste lands, 
not only in the Punjab, but also very extensively in the Native 
States of Rajputana and Central India, such, for example, as Bikanir, 
Alwar, Patiala, GHvalior, Bhopal, Indore, and Rewa. In many 
cases irrigation is needed to make these lands available, but if there 
were prospects of obtaining the population, most of the Native 
States would be ready enough to carry out the necessary works. 
I think two million acres could by suitable arrangements be colonized 
in the Native States. The Punjab will probably fill up its own 
waste land. The United Provinces with their 47 million inhabitants 
miglit well contribute two or three millions for the colonization of 
the Rajputana and Central India States and for emigration to the 
Central Provinces where, 1 am informed, there are still many tracts 
of waste land on which the Central Provinces Government would 
be only too glad to locate settlers.* The main difficulty is the differ- 
ence in type of country, the soil, rainfall and crops being different. 
It is for this reason that such mirations of cultivators need to be 
carefully organized. I may suggest that they might be managed 
and assisted by the Agricultural Departments of the different 
provinces and States working in co-operation, particular care being 
taken to see that ne;wly settled colonists are located in villages 
(ryotwari or zCmindari), at the head of which is placed a man of good 
character, knowing thoroughly from many years* experience the 
local conditions of agriculture and capable of giving instruction 

^ Saoh diatriots arc Chanda, Balaghat, ChhattUgarh, Raipur^ and Drug, and to a smaller 
extent Sangor. For this information I am indebted to the Hon^ble Mr. J. T. Marten, 
M.A., Las, 
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therein, which should be made as much one of his official duties as 
the collection of revenue. 

In a similar manner the emigration to growing industrial cities 
ought to be managed by Government in such a manner as to secure 
that the newcomer at least begins his industrial career imder the 
most propitious circumstances. It is not too early even now to 
establish in Cawnpore and all the larger towns Government Labour 
Bureaus similar to those which have proved so successful in recent 
years in England. In regard to the immigrants from rural districts 
the labour bureaus should have a more comprehensive duty than 
merely finding employment, and should be responsible for securing 
decent and proper conditions of work, a fair remuneration, and 
sanitary and comfortable housing accommodation. It is greatly 
in the public interest for the promotion both of industries and 
agriculture that these matters pertaining to the welfare of labour 
in great cities should from the first be controlled in an enlightened 
manner. There could be no excuse for allowing the repetition in 
India of the scandalous social conditions which arose in the rapidly 
growing towns of Great Britain at the time when the agricultural 
revolution was squeezing the labour into the cities to be rapidly 
absorbed by the industrial revolution. 


Replanning of roads. 

A very important part of the reorganization of villages must 
be the complete replanning of all roads in the village and its neigh- 
bourhood. Only those roads which are already drained and metalled 
as first class roads would be retained in their present alignment. 
All other roads would be abolished and turned into ploughed fields 
so that the replanning of rural roads might commence with a dean 
sheet. The justification for this drastic measure lies in the fact 
that 96 per cent, of the existing roads were in existence before the 
railways were constructed, so that the great majority of them have 
no advantageous relation to the location of the railway stations. It 
is true that the engineers who planned the railways have often placed 
stations at points where important main roads, metalled or un- 
metailed, cross the i^ailway ; but the majority of country statioiui 
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have no main roads approaching them, and none near them, except 
the trunk road which usually runs parallel with the railway. 

The ideal arrangement of roads would be a net-work of minor 
roads converging into more important roads which would them- 
selves converge directly upon the nearest railway stations. In order 
to get a clear idea of the road system, we must recognize the classes 
of roads required, which I shall take from the smallest upwards. 
We have first those giving access from the village site to the various 
farms. These I shall term the “ field ” roads. As in the Punjab 
colonies, they would usually run along the edges of the squares and 
would be made from 10 to 15 feet wide, according to the number of 
squares to which they would give access. The metalling of these 
roads, if any, would be carried out mainly at the expense of the 
owners of the holdings served. The next class may be called “ inter- 
village " roads. These would form a net-work of roads going from 
every village direct to every other adjoining village. The third 
class of roads we might call “ station ” roads, for they would run 
direct from the villages lying at any distance up to six miles from 
the railway station by the shortest route to the station, there 
being, however, no two roads made at an angle of less than 30° 
with one another. The fourth class of roads would be “ trunk ” 
roads, provided for fast motor traffic, and in order to give 
alternative routes for produce to reach the market towns in case of 
break-downs on the railway, or of freight rates pro\’ing exorbitant 
for short journeys. 

Procedure for consolidation of holdings. 

The principles which should guide the choice of a method of 
carrying out the reorganization of villages on the lines above des- 
cribed are the following. In the first place, compulsion should be 
avoided as far as possible, and the principle adopted that no change 
should be imposed upon any area unless the owners of more than 
one-half of that area desire the change. Should this condition be 
satisfied for an area which might be one village, or might embrace 
for special reasons two or more contiguous villages, it would seem 
e:q>edient that l^al power should be taken to compel the minorify 
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to accept the redistribution of holdings under the supervision of 
Grovemment. In the second place, whatever machinery might be 
established to carry out the redistribution, it must work in such 
a manner that the expense of the whole operation should be kept 
as low as possible, and should not in most cases exceed Rs. 16 per 
acre, excluding the cost of fencing the roads. In the third place, 
considerable elasticity should be permitted in the methods of 
carrying through the reorganization in different places during the 
first few years, as the whole undertaking would be in an experimental 
stage, so that different methods might be tried, and the best be 
ultimately selected for a permanent set of regulations. Fourthly, 
the possible necessity for a considerable change of the existing 
tenancy law in the reorganized villages must be faced. The present 
system actually discourages any improvements being made by 
landlords ; and much of the benefit of the change would be lost if 
some alteration of the tenancy laws were not made concurrently 
with the reorganization of holdings. I see no difficulty in making 
a special tenancy law different from the general tenancy law applic- 
able to reorganized villages in which the reorganization has been 
controlled or approved by Government. For the sake of complete- 
ness, I may add as a fifth principle the obvious condition that the 
redistribution of land must be made upon the most equitable basis 
possible, and that liberal compensation should be given to those, if 
any, who may be excluded from a former cultivating ownership. 

The first step to be taken by Government would obviously be 
an Act enabling it to appoint certain officers with powers of receiving, 
taking into consideration and acting upon applications for the con- 
solidation of holdings in any village or villages. Such a law would 
appoint a body of commissioners, perhaps five in number, whose 
duty it would be to receive petitions for consolidation. These 
commissioners \rould be jointly responsible for the carrying out of 
every reorganization, but they would be given the power of appoint- 
ing one commissioner from among themselves to have special charge 
of each particular reorganization. Such commissioner would always 
be an experienced settlement or revenue officer. In carrying out 
hi$ duties he would be assisted by two assessors who should be 
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persons of standing with local knowledge of the district, and who 
should be appointed by the commissioners from a number of suitable 
persons nominated by the owners and other persons interested in 
the proposed reorganization. 

Prominent public notice having been given in the locality 
affected, and generally elsewhere by advertisement in the news- 
papers, that the proposed redistribution of holdings would he taken 
into consideration, the commissioner would hold a public meeting 
in the locality and explain, with the help of his assessors, the precise 
objects of the consolidation, the benefit to be expected, the classes 
of persons whose interests would be affected and what steps they 
should take to secure the benefits of the scheme and b) protect 
themselves so far as might be necessary. Notice would then l)e 
given to all persons interested to state their claims and objections in 
writing, for which purpose a legal adviser might perhaps be placed 
at their disposal at a nominal charge. 

As soon cOS it was made clear that a majority of the ownership 
of the area, whether reckoned by shares or by area of holdings, was 
in favour of a redistribution, the commissioners would apply to 
UoVermnent for sanction to proceed. For this purpose they would 
prepare a report which would be published in the Gazette, and 
Government would appoint a period of three months to hear objec- 
tions. If these tibjections did not appear to warrant the suspension 
of the application, or abrogation of the proposed proceedings, 
Government would order the commissioners to proceed after a 
further period of two months. At this stage it would be open for 
any objector to appeal to the High Court to stay the proceedings ; 
but this would probably involve considerable expense, and the 
money would be lost unless the objector could make out a very good 
case. The necessary period having elapsed and the High Court 
having issued no order to stay the proceedings, the commissioners 
would once more hold a public meeting in the locality and explain 
fully the steps by which thfey would proceed to effect the redistribu- 
tion of -holdings. They would next appoint competent surveyors 
and a trained valuer. They would enter into communication with 
the Public Works Bepartment or the District . Board as to the 
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replanning and the estinaating for the roads. With the complete 
survey before them such questions as joint irrigation and drainage 
would be investigated ; and the question of any demand existing 
for a new dwelling site could be raised. With all this information 
in their possession, the commissioners would then proceed to decide 
what areas should be reserved for grazing and for general purposes ; 
and the remaining area suitable for cultivation would then be divided 
up for a trial allotment, and a valuation of it on this basis made. 
At t.hia stage objections might be heard ; but they would be largely 
disregarded if they conflicted with the larger interests and general 
purpose of the proceedings. Finally, a reAUsed allotment might be 
made and a final valuation, on the basis of which the various owners 
would be assessed with the cost of the consolidation. 1’he value 
of land required for roads other than field roads would be pooled, 
and deducted pro r(Ua from the value of all the new allotments ; but 
the land required to be given up for field roads to other peoples’ 
holdings would be taken into account in deciding the individual 
allotments. 

Methods of enlarging units of cultivation. 

The importance of the consolidation of holdings being accom- 
panied by an enlargement of the average size of the unit of cultiva- 
tion has already been emphasized ; and it remains to consider what 
action the commissioners should be required to take to secure thin 
result. It is obvious that it would not be possible to do Very much 
to compel owners to let their land in large rather than small holdings 
and the control of sub-lettings would be difficult. The methods 
likely to be successful would be, on the one hand, to attract likely 
tenants away from the village and the surrounding neighbourhood, 
and, on the other hand, to place obstacles in the way of letting 
small areas. 

The first would be accomplished by advertising as thoroughly 
as possible facilities for emigration to the towns and to districts 
under colonization in the manner above suggested (seep. 339), and 
by establishing agencies in the locality and for such distance around 
as seemed necessary in order to lessen the supply of would-be tenanta 
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from the surrounding country. To place obstacles in the way of 
letting small areas, the commissioner might be required, after allot- 
ting new holdings to the owners, to proceed to define accurately the 
convenient farms or letting areas, having powers to insist that all 
the first lettings after the redistribution should be made only in 
accordance with these areas and without subdivision. If difficulty 
were experienced in letting, variation should be allowed only with 
the consent of the commissioner. The commissioners would fix a 
number of areas of from 2 to 6 acres each for letting as small holdings, 
and areas from 16 acres upwards for letting as farms. Power of 
compulsory sale of land belonging to any obstructive owner, at the 
new valuation rate less 10 per cent., must be given tf) the commis- 
sioners in case the owner were fi) lefuse to allow his holding of , say, 
10 or 12 acres to be grouped witli another owner’s land for letting 
purposes. A sufficient degree of permanence could be given to the 
farm areas defined by the conunissioners by making it impossible 
for owners to recover rent by process of law' for fractional parts of 
the officially sanctioned letting areas, unless such fractional parts 
were added to an adjoining whole farm and held by the same tenant. 
Thus farms could be amalgamated, or one be divided and its parts 
added to adjoining farms, but letting subdivisions of single farms 
would be very risky. 

The adjustment of occupancy rights might prov'e troublesome 
when the now area to be let to the occupancy tenant exceeded the 
old area which he held with occupancy right. The commissioner 
might be empowered in such cases to decree a compromise whereby 
the area covered by occupancy right would be extended 
in consideration of the rent over the whole being raised to an 
equitable extent. 


Cost of the r£OB6aniz.4Tion. 

It is difficult to form any estimate, but it seems probable that 
the cost of reorganization of areas of not less than ] ,000 acres at a 
time would work out at between Rs. 10 and Rs. 20 per acre, excluding 
fencing and other physical improvements. The larger the area done 
in one place, the lower would be the average cost, because the 
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cominissioner and other officers instead of paying occasional visits 
would reside for months together on the spot. For this reason 
I would advocate a procedure of placing a whole district at a time 
under reorganization when a sufficient number of applications had 
been received from it. In any district thus declared to be under 
reorganization, the first step would be the preparation of a general 
plan of trunk, station, and inter-village roads for the whole district. 
A reorganization commissioner would be assigned to the district for 
his whole time, just as a settlement officer is, and he would be 
assisted by different assessors in each pargana or tahsil. In any 
district declared to be under reorganization Government might 
agree to do the whole business at a flat rate of Rs. 10 per acre, 
whilst in isolated areas reorganized elsewhere the charge would be 
from Rs. 12 to Rs. 20 per acre. 

In my opinion there can hardly be any question but that the 
consolidation of holdings would prove a very profitable operation for 
landowners. The market value of their lands would probably be 
increased by about 50 per cent, within the first five years, and still 
more after another five years, when skill and capital for cultivating 
the larger holdings would have developed and rents could be sub- 
stantially raised. It would be wise for Government to undertake 
not to raise the land revenue on ttccouM of the profits of ths comoUda- 
tion until the period of one settlement should have elapsed ; that 
is to say, assuming the cost to be borne by the owners. It would 
probably be a more popular policy, and incidentally profitable to 
Government, if the latter undertook to bear the whole cost of the 
reorganization and recouped itself by a special cess or addition to the 
land revenue calculated at, say, 7 or 8 per cent, per annum on the 
capital cost of the reorganization. 

• 

The necessity for experiment. 

In conclusion, I wish again to emphasize the necessity for 
undertaking experiments in the consolidation of holdings under 
favourable circumstances in all the different tracts of the country. 
In the United Provinces, for example, ten different areas, each 
consisting of one, two or three villages, might be selected, preferably 
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in easily accessible localities. If Government were to offer to bear 
the entire cost of the consolidation of the first 20,000 acres to be 
undertaken, without enhancement of land revenue, I am sure that 
there would be no lack of offers of their estates by ownera. It would 
be necessary to make it clear that all tenancy difficulties would be 
smoothed over by giving the commissioners special and final powers 
for the purpose in these selected areas. In discussing the matter 
with enlightened zemindars whom I have happened to meet, the 
suggestion has been received with more favour than I expected, and 
the only serious objection raised has been the expected opposition 
of tenants, and the impossibility of forcibly removing the occupancy 
tenant from his fi.elds even by buying him out. 

In my opinion there is no reason whatever to wait and study 
the question further before commencing experiments. Study can 
best be carried on whilst actual operations are proceeding in the 
selected areas. The nature and extent of the difficulties cannot be 
discovered by any amount of arm-chair thinking beforehand. They 
must be discovered by experience ; and similarly it is the men 
actually engaged in effecting the reorganization who are the most 
likely to be able to find solutions for the difficulties they encounter. 
Resourceful and trustworthy men must be selected, and they must 
of necessity be given very wide powers and discretion. Handled 
thus in a spirit of wise liberality, it is difficult to conceive that the 
great economic change to be thus inaugurated can be anything but 
beneficial in the highest degree to India and the masses of her people. 

APPENDIX. 

Since the foregoing paper was put into print, I have had the 
advantage of discussing it with Professor Patrick Geddes, and in 
the light of his friendly criticisms and of the discussion at Poona ^ 
there are a few words which it seems to me desirable to add. 
Professor Geddes observes, -with reference to the standard of living 
(Vol. XIII, Pt. II, p. 223), that it is raised by three, not two, 
agencies : that is (1) by example, that is desire to imitate or emulate 
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persons who possess the means and do actuiilly live at a liighei- 
standard. 8ucli examjde is stimnlated (2) by travel and its educative 
effect. The remaining agency is (3) by relevant selection from the 
resources offered by the present educational system (though this as 
a whole is too urban in character and thus i&wnward in its attractive 
and suggestive influences). It is probable also, he suggests, that 
the prevailing low standard of living in India was largely brought 
about by the necessity for concealment of property and the general 
depressive effect of the eighteenth century wars, a result which 
has been to a great extent standardized by the nineteenth century 
land tenancy legislation. 

Another note by Professor Geddes refers to page 332, where 1 
advocated that no account should be taken of existing field boun- 
daries. He wmdd have it that some account of them should be 
taken, not only when field boundaries follow the natural contoiu's 
of the ground (which, of course, I intended should be followed), but 
adso so as to avoid breaking home attachments by centring the new 
holding as far as possible on the family fields jind trees, etc., which 
are most esteemed. If kept in view purely as a subsidiary aim, I 
agree with this also. 

Another jxiint is the shape of fields which, as Professor Geddes 
jMiints out, should be long rectangles for efliciency of ploughing, 
and not closely approximating to squares. The holdings also, he 
says, should be long rectangles, as nearly as possible radiating from 
the village site. Again, as occupation for the surplus population. 
Professor Geddes would advocate the further development of 
forestry, fruit growing and silk culture ; whilst a very considerable 
number of peiisons would be employed in the ever growing 
programs of public works. 

One of the speakers at the (conference ^ thought that a weak 
point in my scheme was that the reorganization would produce a 
complete break with the past traditions of the village. This, 
however, would not be the case, as I do not propose to break up the 
village itself, that is the abadi, nor its immediate surroundings of 
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wells, tanks, temple and sacred trees. The social centre of village, 
life would remain unaffected hy the redistribution of fields, and 
changes in the village buildings would only come about later by a 
gradual process of growth and reconstruction. 

I may add that in the section on the enclosure movement in 
England reference should have been made to the work of Dr. Gilbert 
Slater, University Professor of Economics at Madras, on The English 
Pematdrg and the Enclosure of Common Fields, which gives a clear 
statement of the methods and results of the enclosures. This book 
was not available to me when writing, or it would have been men- 
tioned in the paper itself. 

• EXPLANATION OF VILLAGE MAP. 

The lines across the bottom of the map represent the main line 
of the East Indian Railway ; and a road crosses near the centre. 
There is one principal ahadi, and there are thre.e subordinate 
dwelling sites. These are shown by very heavy black lines forming 
a kind of cellular structure ; and streets are shown in two of 
them. The irregular ovals represent water-tanks, jhils, or ponds. 
For the sake of illustrating the scattered nature of the holdings, the 
fi^ds actually cultivated by five individual cultivators during the 
crop year 1913-14 have been hatched or stippled with a distinguishing 
design as shown in the left-hand lower corner. These five cultivators 
were chosen at random. It will be seen that, whilst one cultivaritr 
tilled fields scattered in twelve different places, another (the one 
with the top design in the key) had only two contiguous fields 
situated in the extreme north of the village. It is |x)ssible this last 
mentioned cultivator owns or rents lands in a neighbouring village. 
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THE PLANET JUNIOR HAND-HOE : A COMPETITION. 

The makers would surely have been satisfied with the manner 
of using these handy little tools if they hsui seen some North-West 
Frontier Province workmen striving in competition the other 
day at Tarnab. The hoes were mostly Single-Wheel No. 17 type, 
and each competitor ran the hoe he customarily used in his daily 
labour. The tools were dismantled, their parts being placed be- 
side the competitors ready to be adjusted when the word "go ” was 
given. Each man was required to hoe, to cultivate, and to earth 
up 440 yards of drill. From start to finish the work performed 
was clean and determined, without undue flurry. The onlookers 
showed more excitement than the competitors. In altering their 
tools to suit the work on hand the smaller nimbler men usually 
gained on their more burly rivals. The cultvation was so uniformly 
good that the prizes were awarded chiefly for speed. It must not 
be thought that the competitors sped down their lines in the 
flowing garments that go to make the picture. (Plate VI.) 
The men dressed and lined up after the event, for no true 
Pathan will consent to be photographed if he is not worthily ar- 
rayed. They are a fine lot of men, of some character. Ten of the 
seventeen competitors have been employed at the Agricultural 
Station almost since operations began there eight years ago. 

The writer hopes to contribute in a subsequent issue of this 
Journal a note regarding the employment of the Planet Junior hoes 
in the North-West Frontier Province.— [W. R. B.] 

( 360 ) 
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Planet Junior Hand-hoe competition at Tarnab. 
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The following further communication from Dr. C. A. Barber, 
C.I.E., on the origin of the Uba cane, has appeared in the Intema- 
tional Sugar Journal (September, 1918) : — 

I am much obliged to you for forwarding an advance copy of 
Mr. Noel Deerr’s interesting statement on the origin of the tJba 
cane in Natal.^ One of our greatest difficulties in India is the 
absence of scientific libraries dating beyond the last few years, and, 
with regard to sugarcane, the available literature is very limited 
indeed. It is gratifying that my recent letter,* suggesting a 
possible if somewhat fantastic origin for the word “ Uba,” has 
elicited a reply from one who has at command an adequate 
library. 

There are now two theories in the field as to the origin of the 
Natal cane. Both of these must, I think, be examined on the 
basis that the Uba cane came originally from India, as it is obviously 
a member of the widely spread Pansahi group of indigenous canes. 
The first of these is that the Uba cane came direct from India to 
Natal. The distance is small, and Natal formerly lay upon the 
direct route from India tq England, as it does, curiously enough, 
at the present moment ! Two obstacles have to be overcome 
by those in favour of this theory. The first is the nmme, which is 
not given in India to any of the Pansahi group, nor indeed to any 
other cane that I have n^et. 1 do not of course lay any stress on the 
suggested connexion Avith the two Burmese words “ U-ba,” referred 
to in my letter. The second is that there is no direct evidence of 
the Uba cane having been brought from India. Unless the cane 
came from Burma, where I regard it as an introduction from Bihar, 
and where much better canes abound, it is difficult to understand 
how else it could have reached Natal. The Pansahi class is not 
characteristic of Bengal, which has, and has had for several centuries, 
a number of thicker and better canes. I regard it as unlikely that 
such a cane as Uba would have been obtainable, or that, if obtainable, 
it would have been considered at all a desirable one, to introduce 
into a foreign country. With the exception of Lower Burma, there 


1 Eoprinted ia the Agric. Joum. of India, vol. XIII, pt. IV. 
* Beprinted in the Agrie. Joum, of India, vol. XIII, pt. III. 
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is a lack of connexion between India and Natal as regards this 
cane. 

The second theory is that the Uba cane (^aine from Braisil, 
and Mr. Noel JJeerr gives chapter and verse for this introduction 
to Mauritius in 1869. But as Mr. Deerr points out, this opens up 
aJi interesting speculation. In studying the idiatacters of the 
ihdigenous Indian canes and those of the tropics, 1 have all along 
been trying to find the line along which the latter might have been 
ev'olved from the former. It lias always been somewhat loosely 
c-onsidered possible that, during the many hundreds of years of 
tropical cultiviition, the Indian canes may have been so altered 
in their growth that they assumed the present form of the thicker 
canes. But if the cane which Alexander took from India over 2,000 
years ago has so little changed in its character that it can unhesita- 
tingly be placed in its own class of Indian canes, this idea receives 
a severe check. What chance was there that Alexander came 
into closer conta(;t with the Pansahi group than the Natal 
planters ? 

The canes of the Punjab are of two classes. . Near big towns, 
we have thick tropical canes which are used for chewing and are 
heavily manured and cut before tliey are ripe. These grow well at 
Amritsar, where I have met with and studied two kinds. Tliick 
canes are again found in the neighbourhood of Peshawar, where 
frost is absent aiid some 30,000 acres are growii on a crop scale 
for making giir. But all the evidence is that these canes have been 
introdiured comparatively recently into this part of India, and 1 
do not think it at all likely that, when Alexander came to India, 
there were any but the thin frost-resistant forms which are still 
growing in the fields. These are described by me in a Memoir 
of the I iidian Agricultural Department, and it will be readily conceded 
that they are among the thinnest and most primitive canes in the 
world. But among them is one of the Pansahi class, described 
as non-resistant to frost, occasionally being totally wiped out, and 
then, for several years, being gradually re-introduced, from the East 
where the true zone of the Pansahi group lies, along the foot 
of the Himalayas as far as Bihar. This cane is called Kahu. It is 
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grown in the neighbourhood of the Beas river and is valued in that 
it is less fibrous and more juicy than the t)ther more grass-like canes 
of the province. Now, Alexander in his Indian irruption came as 
far us the Hyphasis river, the ancient name lor the Beas. Naturally 
he would take the best cane he could meet with, and the point of 
contact is perfect, if the local canes growing then were the same as 
those now found in the province. 

Can other links in the chain of evidence be found ? Is it 
possible that in corners of Spain there may .still be remnants of the 
cane that Alexander took ? Can the local reed-like cane of Brazil be 
still found in the primitive Indian settlenxents of the country '( 
And if so, is it of the Pansahi class { Is there any other source of 
the Brazil canes, in Japan for instance ? 

The importance of these questions on the origin of the cultivated 
sugarcane cannot be exaggerated. There are, I believe, many 
references to the introduction to the West of canes “ from Malabar,” 
and these were thick tropical canes. This has led to an idea that 
India itself might contain the links of the chain of development 
between the indigenous canes of the country and the thick canes 
of the tropics. But, if this is so, how can we explain the fact that 
in (South India there are at least four indigenous vaiieties, 
in the south of Madras, Holte CJieni and Ganda C/kni in Mysore, 
and Hullu in Canara ? These are easily distinguishable from the 
thick, introduced canes, and there is no suggestion of their not having 
been in the country for many generations. They are thicker than 
the Punjab canes, although belonging to the same class, as has been 
clearly shown in a recent Memoir prepared by me and about to 
issue from the press. In fact, to sum up the discussion, it seems 
to me that Mr. Noel Deerr’s letter suggests much more strongly 
than has ever been done before, that the thick (*anes and the indi- 
genous Indian canes have had an entirely different origin, the latter 
having arisen from one or more wild forms sinular to those now 
growing in India, and the former from another species of Saccharum, 
probably now extinct in its wild form, and native to the islands 
of the Malay Archipelago, or possibly Cochin China, as suggested 
in de Candolle’s “ Origin of Cultivated Plants.” 
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SUGAR FACTORIES IN INDIA. 

A PRESS COMMUNIQUE, dated ' 3rd December, 1918, issued by 
the Department of Statistics, India, says - 

Enquiries were recently undertaken by the Department of 
Statistics, India, regarding the sugar producing capacity of the 
sugar factories in India. Of the forty-six factories to which 
enquiries were addressed, returns from thirty were received. Of the 
remaining sixteen, six did not give any reply, six others were either 
closed or were not in working order, business was not started by 
two, one was opened only in August, and one was omitted as it 
produced only molasses. 

The results of the census show that the thirty factories turn 
out per day of twenty-two liours 4,900 niaunds (of 82-3 lb. each) 
of sugar from cane (first sugars), 2,100 maunds from cane (second 
sugars), 7,200 maunds from raw sugar, 3,600 maunds of molasses 
from cane, and 3,700 maunds from raw sugar, employing on an 
average 8,600 persons daily. The maximum amount of sugar 
that can be produced by these factories is, according to the returns 
furnished, 14,500 maunds (or 533 tons) jier day. The details for 
the provinces are given in the statement below : — 


Province 


Bihar and OriHMa 
United Provinces 
Madras ... 

Bengal and Punjab 

Total 



* Includes production of second sugars in one factory, separate figures not being avail- 
able. Tlie high proportion of second sugars in the United Provinces is due to the fact that 
ration sugar of about 98 degrees polarization, manufactured for the Army Department, has 
been classed under “ seoond sugars.” 

t Szoludiag production of molasses in one factory, information not being available. 




NOT£S 


m 

The department is greatly obliged to manufacturers throughout 
India for their invaluable assistance throughout this enquiry. The 
suggestion which has been made to hold the enquiry periodically 
as a guide to the progress of the industry is under consideration. 

* 

* * 

THE INHERITANCE OF MILK AND FAT PRODUCTION IN CATTLE. 

At the Maine Agricultural Experiment Station Mr. John 
W. Growen has made a genetic study of the first-generation crosses 
of prominent dairy breeds of cattle and beef-bred Aberdeen-Angus. 
This work, the results of which are published in the Journal of 
Agricultural Research (Vol. XV, October 1918, pp. 1-57, 6 plates), 
was undertaken as a link in the chain of evidence necessary to the 
final solution of the problems which are connected with the inheri- 
tance of milk production and butter-fat production. A cross-bred 
herd is being formed at the experiment station so as to provide as 
much material as possible for the analysis of the laws of heredity 
concerned with the prcKluctivity referred to. and this herd has now 
gone into its second generation. 

An indication may be given of some of the important results 
already reached l)y Mr. Gow'eu : — 

(1) Black body colour is dominant to the other colour in the 
first generation. In the second generation an orange-coated bull 
and a dark Jersey dun-coated heifer were segregated out. 

(2) Wliite marking of the body, taken as a whole, appears 
as a dominant. Study of individual white areas, how’ever, indicates 
that this is due to white in the inguinal region only, for this alone 
appears as such a dominant. White spots on the face, neck, shoul- 
ders, rump, flanks, and legs are generally suppressed in the offspring 
when the white-spotted individuals are mated to solid colour. 

(3) Pigmented muzzle is dominant to one not so pigmented. 

(4) A pigmented tongue is dominant to a non-pigmented 
one — a confirmation of a previous result. 

(5) A black switch appears to cause the suppression of the 
other switch colours in the offspring. 
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(6) Some exceptions were found to the previously accepted 
hypothesis of simple dominance of polledness over the horned condi- 
tion, and it is suggested that a hormone secreted by the testes may 
ha\'e some infliience on the presence or absence of horns. Should 
this prove true, it would establish an interesting parallel between 
cattle and sheep, for in the latter a sex hormone is known to affect 
the development of the horns. 

(7) The qualities of beef produ<!tion are shown to be divisible 
into four general regions of the body : head, forequarters, barrel, 
and hindquarters. When either parent is of Aberdeen-Angus breed 
the offspring show, the characteristic type of head and heavy, deep- 
fleshed forequarters. The body and hindquarters appear inter- 
mediate, but resemble most the dairy pareivts. From his resvdts 
so far the author conc ludes that for the improvement of the beef 
qualities of dairy breeds the first generation crosses show an 
increased value of the beef qualities, in the forequarters witlroiit 
materially influencing the hindquarters. 

. (8) A few data are supplied as to the production of luilb and 
butter-fat by some of the cross-breds. The results indicate that 
milk and fat production behave separately in inheritancte. High 
milk production is dominant to low, but, unfortunately, a high fat 
percentage in the milk is recessive tcj a low fat percentage. 'J’he 
author supplies a useful bibliography and numerous illustrations. - 
[Naltin', dated January 30th, 1919.]. 

♦ % 

NATIONAL INSTITUTE OF AGRICULTURAL BOTANY. 

At a meeting at the Cannon Street Hotel, on 15th July, 1918, 
under the auspices of the Agricultural Seed Trades Association 
of the Urcited Kingdom, Mr. Lawrence Weaver, C.B.E., Controller 
of Supplies, Food Production Department, announced that Sir 
Robert Me Alpine and Sons had contributed to the endowment of 
the National Institute of Agricultural Botany a sum of £10,000 in 
addition to £l ,000 a year for five years, and five other gentlemen had 
given £1,000 each, while the Association of (Jorn and Agricultural 
Merchants and the Millers Association had also opened subscription 
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lists for their members. At the close of the meeting it was 
announced that the Seed Trade had contributed over £10,500 which 
has since itwTeascd to £13,000. Mr. Weaver explained that none of 
the money subscribed would be used for building the OHicial Seed 
Testing Station. This would form part of tlie Institute, but its 
cost would be provided by the Board of Agriculture. The Trust 
Fund, so far, amounts to about £36,000, and it is hoped will reach 
£50,000.— [t/oMfwal of the Board of Ayr icuUure, August 1918, p. 518.] 

* 

* * 

THE BRITISH DYE INDUSTRY. 

* >H ik i|c « >|c 

It is satisfactory to find that the Port Ellesmere Indigo Factory 
has been in full work for some time, and that land has been secured 
for considerable extensions of the works in the near future. — [Nature, 
dated January 16th, 1919, p. 388.] 



PERSONAL NOTES, APPOINTMENTS AND TRANSFERS, 
MEETINGS AND CONFERENCES, ETC. 


WOODHOUSE-SOUTHERN MEMORIAL FUND. 

The following donations have been received in answer to my 
appeal in the January Number, for funds to establish Memorial 
Prizes to perpetuate the memory of these officers. 

As I may be going on leave shortly, will future subscribers kindly 
send their donations direct to the National Bank of India, Limited, 
Calcutta ? Cheques should be crossed “ Woodhouse-Southern 
Memorial Account.” 

J. Mackenna. 

Isi March, 1919. 

Dmmlions received up to 2Sth February, 1919. 

Rs. 

Tlifi Hon’blc Sir (yaude Hill, l.C.S. .. .. .. 30 

The Hon’ble Mr. R. A. Maat., l.C.S. . . . . . . 30 

J. Mackeuaa, Esci., l.C.S. .. .. .. ](j(j 

Dr. C. A. Barber .. .. .. .. jqq 

G. A. 1). Stuart, Esq., l.C.S. .. .. 75 

F. R. Parnell, Esq. . . . . ’ ' ] ' 

The Hon’ble Mr. H. R. C. Hailey, l.C.S. . . . . I 5 

Botanists, U. P. . . . . . . _ 30 

W. Robertson Brown, Esq. . . , . _ . _ jg 

G. S. Henderson, Esq. . . . . _ _ . . 50 

C. P. Mayadas, Esq. . . . . gO 

Anonymous ( 8 ) . . . . . . . . 30 

Carried forward Rs. . . 535 


( 358 ) 
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H. D. Watson, Esq., l.C.S. (8) 

Brought forward 

Rs. 535 

25 

Dr. E. J. Butler .. 


50 

A. Howard, Esq. . . 


25 

Mrs. Gabrielle L. C. Howard 


25 

Dr. W. H. Harrison 


30 

C. M. Hutchinson. Esq. 


30 

T. Bainbrigge Fletcher, Esq. . . 


25 

Dr. F. J. F. 8haw 


25 

Wynne Sayer, Esq. 


50 

M. Afzal Hussain, Esq. 


25 

W. A. Davis, Es(i. 


20 

TT. E. Anuett, Esq. 


15 

C. Somers Taylor, Es(|. 


50 

A. Carnith, Esq. .. 


100 


Total Rs. 

.. 1,030 


♦ 

* III 

His Excellency the Viceroy, accompanied by the Hon. Sir 
Claude Hill, paid a visit to Pusa from the 4th to 6th January, 1919. 
His Excellency was shown over the various sections of the Institute 

and evinced much interest in all that he saw. 

* 

♦ ♦ 

The New Year Honours’ List contains the following names 
which will be of interest to the Agricultural Department : — 

K.C.I.E. The Hon’ble Mr. N. D. Beatson-Bell, C.S.I., C.I.E., 
l.C.S;, Chief Commissioner, Assam (sometime Direc- 
tor of Land Records and Agriculture, Eastern Bengal 
and Assam). 

C.B.E. Mr. E. a. Molony, I.C.S., Commissioner, Agra Division, 
United Provinces (sometime 0%. Dii-ector of Land 
Records and Agriculture, United Provinces). 

M.B.E. Mr. B. C. Burt, B.Sc., Deputy Director of Agriculture, 
United Provinces. 

Khrni Bahadur. Mit. .Tudah Hyam, F.Z.S., Veterinary Overseer, 
Agricultural Research Institute, Pusa. 

Rao Saheb. M. R. Ry. M. R. Ramaswami Sivan, Avargal, B.A., 
Senior Assistant to the Government Agricultural 
Chemist, Coimbatore, in the Madras Presidency. 
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Rm) Raheb. Mr. Kasanji 1). Naik, M.A., Assistant Ruperin- 
tendent, Oflice of tJic Agricultural Adviser to the 
Governmeut of India, Piisa. 

**♦ 

Lieutenant-Colonel (L K. Walker, C.I.E., F.R.C.V.S., 
Indian Defence Force, has been appointed to be an Officer of the 
Most Exalted Order f)f the British Empire for services brought to 
notice in His Excellency the Commander-iu-Chief’s Despatch, 
dated the 20th August, 1918. 

♦ 

Dr. E. .1. Butler, M.B., F.L.8., Imperial Mycologist, has 
been appointed Joint Director of the Agricultural Research Institute, 
Pusa, in addition to his present duties, with effect from the 20th 
January, 1919, and until further orders. The post of Assistant 
to the Agricultural Adviser is placed in abeyance. 

# 

* * 

Mr. G. S. Henderson, N.D.A., N.D.D., has been confirmed 
in the appointment of - Imperial Agriculturist with effect from the 
1st March, 1918. 

* 

* * 

Mr. Wynne Saver, B.A., whose appointment as Assistant 
to the Agricultural Adviser to the Government of India has been 
temporarily placed in abeyance, is, with effe(;t from the 20th January, 
1919, appointed to officiate as Imperial Agriculturist, during the 
absence, on deputation under the Munitions Board, of Mr. G. S. 
Henderson, or until further orders. 

# 

* # 

Mr. M. Afzal Hussain, M.Sc., has been appointed Super- 
numerary Entomologist, Pusa. 

4t 

* * 

Dr. W. Burn8, Economic Botanist to Government, Bombay, 
has been allowed, with effect from the 1.5th January, 1919, (iombined 
leave for six mouths. 
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Mr. S. L. Ajrekar, B.A., Assistant Prnl'essoi- of Mycology 
at the Agrkailtural College, lN»ona, has been appointed to act 
as Economic Botanist to the Government (jf Bombay, vice Dr. 
W. Burns, granted leave. 

* 

■K * 

Mr. M. H. Sowerby, M.R.C.V.R., Assistant Principal, Bombay 
Veterinary College, is granted furlough for three moriths with 
effect from 1st August, 1919. 

Mr. N. 1). Dhakmarvala, First Professor, will officiate in place 
of Mr. Sowerby, pending further orders. 

His Majesty’s Secretary op State for India has appointed 
Mi-. P. H. Rama Reddi as Deputy Director of Agriculture, Madras, 
on probation for three years. He has been posted to the .'Vgricul- 
tural College and Research Institute, Coimbatore, for training. 

* 

* ♦ 

M. R. Ry. J. Chelvaranga Ra.iu Garu, Deputy Director of 
Agriculture, IV ('ircle, Madras Presidency, is granted privilege 
leave for one month. 

M. R. Ry. C. Narayana Ayyar, Avargal, Assistant Director 
of Agriculture, on relief from the VI Circle, will be in charge of the 
IV Circle. 

Mr. F. Smith, B.Sc., F.H.A.S., M.R.A.S.E., Deputy Director 
of Agriculture, Western Circle, Bengal, has been allowed combined 
leave for 14 months with effect from the 15th .January, 1919. 

Babu Rajeswar Das Gupta, Superintendent of Agriculture, is 
appointed to act as Deputy Director of Agriculture, We,stern Circle, 
vice Mr. F. Smith. 

*** 

Mr. a. C. Dobbs, B.A., Deputy Director of Agriculture, Chota 
Nagpur Circle, has been appointed to act, in addition to his own 
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duties, as Director of Agriculture, Bihar and Orissa, during the 
absence, on deputation, of Mr. G. Milne, LC.S., or until further 
orders. 

* 

* * 

Mr. J. Robinson, N.D.D., 0%. Deputy Director of Agriculture, 
Patna Circle, Bihar and Orissa, was granted privilege leave for 
one month and fifteen days with effect from the 2nd January, 1919. 

* 

* iii 

Mr. H. L. Datta, B..4... M.>So.A.. Assistant Professor of Ento- 
mology, Sabour Agricultural College, has been appointed to act as 
Economic Botanist, Bihar and Orissa, vice Mr. E. J. Woodhouse, 
deceased, during the absence, on deputation, of Mr. S. K. Basu, M.A., 
appointed to act as Deputy Director of Agriculture, Orissa Circle, or 
until further orders. 

* 

Mr. H. M. Leake, M.A., F.L.S., Olfg. Princiy)al, Agricultural 
College, Cawnpore, has been confirmed in that appointment, vice 
Mr. A. W. Fremantle, retired. 

* 

* * 

.Mr. W. Roberts, B.8c., Principal and Professor of Agriculture, 
Punjab Agricultural College, Ly allpur, has been granted combined 
leave for three months with effect from the 8th January, 1919. 

Mr. B. H. Wilsdon, B.A., Agricultural Chemist, Punjab, 
officiates as Principal. 

Mr. 0. T. Faulkner, B.A., Deputy Director of Agriculture, 
Punjab, has been appointed to officiate as Professor of Agriculture. 

* 

* * 

Malik Sultan Ali, who has been appointed by His Majesty’s 
Secretary of State for India to the Indian Agricultural Service 
in the Punjab, has assumed charge as a Supernumerary Deputy 
Director of Agriculture, and has been posted to Lyallpur for 
training. 
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Mr. G. Taylor, M.R.C.V.S., on reversion from Bombay to the 
Civil Veterinary department, Punjab, resumed charge of his duties 
as Superintendent, South Punjab, with effect from the 8th January, 
1919. 

*% 

Maung Ba Kyaw, temporary Engineer in the P. W. I)., Burma, 
whose services have been transferred to the local Agricultural 
Department, has been appointed as an Agricultural Engineer in the 
departnient with headquarters at Mandalay. 

Mr. F. J. Plymen, A.C.G.T., Indian Agricultural Service, has 
been nominated a member of the Ijegislative Council of the Cliief 
Comnxissioner of the (Central Provinces in place of the Hon’ble 
Mr, Hughes-Hallett, resigned. 

* 

* * 

Gn being released from military duty, Mr. A. G. Birt, B.Sc., 
is appointed Deputy Director of Agriculture, Assam. 

* 

* * 

Mr. W. Harris, M.R.IW.S., Superintendent, Civil Veterinary 
Department, Assam, has been granted combined leave for six 
months from 15th April, 1919. 


11 
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Plant Products and Chemical Fertilizers. — By S. Hoare Collins, 

M.iSc., F.I.C. (London ; Bailliere, Tindall & Cox.) Price 7s. Qd. 

This book forms one of a series of volumes now being 
issued under the editorship of Dr. S. Rideal, which aims at 
giving a comprehensive survey of the chemical industries. In the 
general preface to the series, Dr. Rideal states that in these mono- 
graphs “ an attempt will be made to get away from the orthodox 
text-book, manner, not only to make the treatment original but also 
to appeal to the very large class of readers already possessing good 
text-books of which there are quite sufficient. The books should 
also 1)6 found useful by men of affairs having no special technical 
knowledge, but who may require from time to time to refer to 
technical matters in a book of moderate compass, with references to 
the large standard works for fuller details on special points if required.” 

Within the limits imposed by this scheme Mr. Collins has per- 
formed his task well. To the special student of agriculture it is 
possible that the treatment of some of the subjects will appear 
rather sketchy, but to the general reader or graduate of a science 
course the book will probably appeal as a useful introduction to 
a large subject. 

The first 60 pages (Part I) deal in general terms with the prin- 
cipal classes of fertilizers. In Part II (40 pages), soils, soil improvers 
and soil reclamation are discussed. In Part III (78 pages), a very 
general account is given of the principal plant products— carbohy- 
diates produced by crops, oils, nitrogen compounds of plants and 

( 864 ) 
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miscellaneous plant products, such as tea, coffee, rubber, indigo. 
In Part IV, the author deals with the production of meat, manuring 
for meat, the nature of the cattle foods, their calorific value and 
dairy products. 

At the end of each section a list of text-books and recent papers 
dealing with the particular siibjects of that section is appended, which 
should serve as a useful guide to the reader who requires more detailed 
information. — [W. A. D.] 

* 

* * 

The Chemistry o! Farm Praetlce.— By T. E. Keitt. (New York : 

J. Wiley & Sons, Ltd., Inc.; London: Chapman & Hall, 

Ltd.) Price 6s. net. 

This book is intended by its author to furnish the fundamentals 
of chemistry required for intelligent agriculture, and to apply this 
knowledge to the art of agriculture and its problems. In addition 
to the commoner problems associated with soils and fertilizers and 
feeds, it attempts to include subjects such as sanitary water, boiled 
water, and insecticides which, in the words of the preface, “are 
subjects in which not only the farmer but the suburban resident is 
interested.” It will be understootl by this that the subject matter 
is diffuse in character, and a large number of subjects are touched 
on in the 243 pages which the book contains. 

The early chapters are devoted to general chemistry. In these, 
such terms astatomic weight, valency, compounds and mixtures are 
simply explained, rules regarding the representation of chemical 
compounds by formulas are given, and the processes of oxidation 
and reduction are outlined in popular fashion. Chapter IV deals 
with the preparation and properties of the elements necessary for 
plant growth. Attention is given to the importance of nitrogen 
and its fixation by bacterial flora in the soil, and by those living 
in symbiosis with legumes, but little emphasis appears to be given 
to the use of nitrogen by plant in combined forms. 

In the chapter devoted to water, the requirements of the subur- 
ban reader get more attention and a fair amount of space is taken 
up by the solvent properties of water and its suitability for drinking. 
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The characteristics which may make it more or less suitable for 
irrigation have been passed over. 

In dealing with air in the soil an attempt has been made to 
deal with the diffusion of gases in the soil. Tliis appears somewhat too 
advanced for a book of this type, and is too shortly dealt with to 
be of much use to the reader. 

The same criticism might be made with reference to the section 
on the leaching of plant food from plants in the next chapter. In 
both cases the space taken might have been better given to a slightly 
fuller treatment of the more elementary aspects of the subjects 
covered. 

The chapters on soil formation, fertility, manures and fertilizers 
and their application give the reader useful information. Though 
in comparing the use of green crops as direct manure and after feed- 
ing in the fonn of excreta, slightly undue importance is given to the 
loss of carbon in the latter’s formation and on the resulting value. 
While the relation betw'een the manurial constituents of the food 
consumed and those of the excreta voided might have been more 
clearly impressed. Terms like denitrification and fixation of nitro- 
gen have been used in a somewhat loose sense. It is also doubtful 
as to how far the public for whom the book is intended would be 
in a position to apply the information detailed in Chapter XV, which 
deals principally with laboratory methods of estimation. The 
space devoted to feeding and dairying is not large. The former 
might have been improved by more emphasis on the importance of 
digestibility and by some reference to the energy value of the 
food. 

The chapters given to insecticides and fungicides and to paints, 
whitewashes and concrete are instructive. The illustrations are good. 
It is doubtful whether the book as a whole would prove of much value 
to a student at an agricultural college in India. In the case of a short 
course student it might be at times referred to as giving a simple 
chemical explanation of a portion of an agricultural lecture, or as 
something to read to emphasize the subject matter taught in a 
lecture. To a student in the upper classes, who is studying agricul- 
tural chemistry, it is of little or no use, as generally the treatment is 
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too superficial in character. On the other hand, it is beyond the 
Indian fanner and high-school boy of tlie present day. [U. (}. A.'j 

* 

itc « 

We have received, from Mr. A. B. Modak, the enterprising 
head of the Union Agency of Bombay, a firm dealing in seed, concen- 
trated manures, and other agricultural requisites, an illustrated 
brochure giving an account of the present condition and future 
prospects of potato cultivation in the Bombay Deccan from the pen 
(d Dr. Harold H. Mann, Principal of the Poona Agricultural College, 
and also a description of the Potato Works started by the firm. 
These Works have been started by the Union Agency with the 
help of Government and in co-operation with the Agricultural 
Department, to put on the market good acclimatized potato seed, and 
to carry on research with a view to introduce improvements in the 
cultivation and manuring of this important crop. In spite of the 
well-known profitableness of this crop in the Bombay Deccan, it is 
at present restricted to only 8,000 acres. This has been due iiiainly 
to the difficulty in maintaining the quality of the seed potatoes. 
It is necessary to import annually large quantities of seed from 
Italy, while the prevalence of cei’tain diseases of the growing plant 
and of the tubers in storage and the smallness of yield owing to the 
use of inferior seed and faulty methods of cultivation have tended 
to restrict the area under this crop. The problems involved there- 
fore require to be dealt with from the mycological, entomological, 
chemical, and agricultural sides simultaneously, and though some 
work had been done departmentally in the past, it was not possible 
for the department with its small staff spread over a large area to 
concentrate on a single problem in a single locality. It is, therefore, 
gratifying that a commercial company has come forward to co- 
operate with the department, so that by pooling their staff and funds 
such concentration can be brought about. During the short period 
of its existence the Works have already negotiated over 800 tons of 
seed potatoes, and extracts from letters of those who have tried the 
seed, which are published in the brochure, show very encouraging 
results. The agent used for fumigation is petrol vapour, whereby 
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liability to fungal or insect disease, both in the field and in storage, 
is eliminated to a great extent. The Works are also designing 
improvements in the implements used in potato cultivation, and are 
experimenting with various manure mixtures mainly with the 
assistance of Dr. Mami who has succeeded in obtaining some very 
good results. The Works are conducted by a staff of agricultural 
graduates, and it is encouraging to find that students trained in our 
Agricultural Colleges do not look merely to service under Govern- 
ment, but have now begun to put to practical use what scientific 
instruction they have received.— [Editor.] 

He He 

Household Dairying (in Marathi). — By B. K. Ghare, L.Ag., Lecturer, 

Agricultural College, Cawupore. J’ages 4+48. (Poona : Arya 

Bhusan Press.) 

This is the third of the series of books on milk aiul dairying in 
its different aspects, so far })ubli8hed by the author. The four 
chapters into wliich this little book is divided deal with (1) milk, 
(2) dairying, (3) care of animals, and (4) the feeding of infants, and 
under each head broad facts of the subject are carefully selected and 
given the prominence they deserve. 

It also summarizes in a very concise manner the crude and 
objectionable Indian methods of dealing with milk from the time 
it is drawn to the time it is consumed in an Indian household. The 
author suggests some adop table Western methods for the improve- 
ment of the existing dairy practices in the country and brings 
forcibly and clearly to the luAice of the reader the importance of 
thorough cleanliness in the handling of milk and its products, of 
the milk utensils as well as the milk room, and the preservation of 
milk in all its purity under varying conditions. 

We have, however, found some slight inaccuracies in the book. 
For example, it is not correct to say that colostrum milk is yielded 
by the cow after paiiurition only for a couple of days, and that the 
buffalo is an aquatic animal from its fondness for water. Such 
loose expressions should be avoided when br inging out another 
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edition of the pamphlet. We do not think the advice given about 
taking cattle to the river daily for a wash and swim is sound and 
such as can be safely recommended. 

Our opinion of this little book is, however, very favourable, and 
it is to be hoped that it will help in dispelling the general ignorance 
about milk sanitation which seems to prevail. It will be studied 
with profit by all interested in the sanitary production and handling 
of milk.— [J. H.] 



NEW BOOKS 


ON AURK^Ul/rURE AND ALLIED .SUBJE(^TS. 


1. Cotton, by (J. Bidgwood. Pp. viii-|-294. (“Staple Trades 

and Industries.”) (London : Constable & (\>., Ltd.) Price 
()*•. (k?. net. 

2. Tea, by I). Hunter. (“ Staple Trades and Industries.”) 

(London : Constable & Ck>., Ltd.) 

3. A System of Physical Chemistry, by Prof. \V. C. MacLewis. 

Vols. II & III. (London : Longmans & Co.) 

4. Methods of jueasuring Temperature, by Dr. Eyer Griffiths. 

With an Introduction by Principal E. H. Griffiths. Pp. 
xi+176. (London : Charles Griffin & Co.) Price 8s. (ki. net. 

5. Winter Botany, by Prof. W. Trelease. Pp. xxxii+394. 

(IJrbana : Prof. W. Trelease.) Price 2.50 dollars. 

(i. A History of Chemistry, by Prof. F. J. Moore. Pp. xiv+292. 
(New York : McGraw-Hill Book Co., Ltd.) Price 12s. (id. 
net. 

7. 'I'he Quantitative Method in Biology, by Prof. J. Macleod. 

(Messrs. Longmans & Co.) 

8. School Phitomology : An Elementary Text-book of Entomo- 

logy for Secondary Schools and Agricultural Short Courses, 
by E. Dwight Sanderson and L. M. Peairs. Pp. vii-1-356. 
(New York : .1. Wiley & Sons, Inc. ; London : Chapman 
& Hall.) Price 7s. net. 

( 370 ) 



NEW JBOOKS 37l 

9. Modern Fruit-Growing, by W. V. [Seabrook. Pp. x]iii-|-172. 
(London : The Lockwood Press.) Price 4s. Qd. net. 

10. Introduction to liiorganu; Chemistry, by Prof. A. Smitli. 

Third Edition. Pp. xiv-}-925. (London G. Bell & Sons, 
Ltd.) Price 8s. Qd. net. 

11. Experimental Inorganic Chemistry', by Prof. A. Smith. Sixth 

Edition. Pp. vii+ni. (London; G. Bell & Sons, Ltil.) 
Price 3s. 6(?. net. 

12. Laboratory (3utline of College Chemistry, by Prof. A. Smith, 

Pp. v-i-206. (London : G. Bell & Sons, Ltd.) Price 3s. net. 

13. All alive O ? A V'ade Mecum for Breeders and Feeders of Horses, 

etc., by .1. G. Lyall. Pp. 8H. (Lincoln : Lyall & Sons.) 
Price 2s. (kl. 

14. A .Tunior Course of Practical Zoology, by the late Prof. A. 

Milnes Marshall and Dr. C. H. Hurst. Eighth Edition, 
Ilevised by Prof. F. W. Gamble. Pp. xxxvi-]-oL>. (London : 
J. Murray.) Price 1 2s. net. 

15. Plant Physiology, by Prof. V. I. Palladin. Authorised English 

Edition. Edited by Prof. B. E. Livingston. Pp. xxv-|-320. 
(Philadelphia ; P. Blakiston’s Son & Co.) Price 3 dollars 
net. 

16. Stoichiometry, by Prof. S. Young. Second Edition. Pp. 

xiv-1-363. (London : Longmans, Green & Co.) Price 12.s‘. 
6d. net. 

17. A Manual of Elementary Zoology, by L. A. Borrdaile. Second 

Edition. Pp. xiv.-l- 616 . (London: H. Frowde and Hodder 
and Stoughton). Price 16 s. net. 

18. Forced Movements, Tropisms, and Animal Conduct, by Dr. J. 

Loeb. (Monographs on Experimental Biology.) Pp. 209. 
(Philadelphia and London : J. B. Lippincott Co.) Price 
10s. 6d. net. 

19. Catalysis in Industrial Chemistry, by Prof. G. G. Henderson, 

Pp.ix -1-202. (London, Longmans, green & Co.) Price, 9s. net. 



AGRlCtrttURAt JoUBlfAL OF lilDIA [XIV, H. 

The following publications have been issued by the Imperial 
Department of Agriculture in India since our last issue : — 

Memoirs. 

1. The nice Worm (Tylenchus angustus) and its Control, by E. J. 

Butler, M.B., F.L.S. (Botanical Series, Vol. X, No. 1.) 
Price, Rs. 1-4 or 2. 

2. Cholam {A. Sorghum) as a Substitute for Barley in Malting 

Operations, by B. Viswanath, T. Lakshmana Row, B.A., 
and P.A. Raghunathaswami Ayyangar, Dip Ag. (Chemical 
Series, Vol. V, No. 4.) Price, As. 12 or Is. 

Bulletins. 

1. Are Camels susceptible to Black Quarter, Haemorrhagic 

Septicaemia, and Riiideipest ? by H.E. Cross, M.R.C.V.S., 

D. V.H., A. Sc. (Bulletin No. 80.) Price, As. 4 or 5d. 

2. Progress of the Sugarcane Industry in India during the years 

1910 and 1917. Being Notes submitted to the Meeting of 
the Board of Agriculture in India, Poona, 1917. Edited, 
with an Introduction, by C. A., Barber, C.I.E., Sc. D., 

E. L.S. (Bulletin No. 83.) Price, As. 5 or 6d. 

3. Soil Drainage, by R. 0. Allan, M.A. (Bulletin No. 86.) 

Price, As. 4 or 5d. 


Report. 

1. Report on the Progress of Agriculture in India for the year 
1917-18. Price, Rs. 1-8 or 2s. 3d. 



PREFACE. 


The Sixth Indian Science Congress met at Bombay in January 
1919. The Agricultural Section was presided over by the Hon’ble 
Mr. G. F. Keatinge, C.I.E., I.C.S., and this special issue of the Agri- 
cvUural Journal of India contains a selection of the papers bearing 
on agriculture and allied subjects read at the Congress. It is 
impossible to publish all the papers read on account of limitation of 
space in this issue, but the following papers will be published in the 
ordinary issues of the Agricultural Journal of India : — 

(1) The Frequent Failure of a large Proportion of the Rice 

Crop in Chota Nagpur, by A. C. Dobbs. 

(2) Note on Land Drainage in Irrigated Tracts of the Bombay 

Deccan, by C. C. Inglis. 

(3) The Importance of the Development of the Dairy Industry 

in India, by W. Smith. 

(4) The Improvement of Indian Dairy Cattle, by A. K. 

Yegnanarayan Iyer. 

(5) The Prevention of Soil Erosion on Tea Estates in Southern 

India, by R. D. Anstead. 

(6) The Fragmentation of Holdings as it affects the Intro- 

duction of Agricultmal Improvements, by B. C. 

Burt. 

(7) Results of Further Experiments and Improvements in 

the Method of Planting Sugarcane and Further Study 

of the Position of Seed in the Ground while Plantings 

by M. L. Kulkarni. 

The paper on “ Nitrogenous Fertilizers ; Their Use in India,” 
by C. M. Hutchinson, has already appeared in the Agricultural 
Journal of India, Vol. XIV, Pt. II, 1919, while that on “The 
Use of Poppy Seed Cake as a Cattle Pood and its Effects on Yield 
of Milk and Composition of the Butter Fat,” by H. E. Annett 
and J. Sen, will probably be published either in the Journal of 
Agricultural Stnence or in the Analyd. 





1 am indebted to His Excellency Sir George Lloyd, the PatroU 
of the Congress, for kindly allowing his photograph to be inserted 
as a frontispiece to this Number, while my acknowledgments are 
also due to the Asiatic Society of Bengal, under whose auspices 
the Indian Science Congress is held, for their kindness in allowing 
us to publish the papers contained in this issue in extemo. 

G. A. D. STUART, 

Offg^ AgricvMutal Adviser to the Govt, of India. 




HIS EXCELLENCY SIR GEORGE LLOYD. G.C.I.E, 

GOVERNOR OF BOMBAY. 



ECONOMIC FACTORS OF AGRICULTURAL 
PROGRESS. * 


BY 

Thb Hon’ble Mr. G. F. KBATINGE, C.I.E., 

LnU'hj Director of AfiricuUure, Bombay. 

Gentlemen, 

It is my pleasing duty to welcome you here to this session of 
the Agriculture and Applied Botany Section. We have before us 
twenty papers on a variety of subjects connected with agriculture, 
and 1 have no doubt that we shall have some very interesting 
discussions on these papers. 

I much appreciate the compliment that has been paid to me in 
asking me to preside over this Section of the Science Congress, 
the more so since I cannot claim to be a scientific investigator. 
During the past 25 years, however, I have had occasion, first as a 
revenue officer and then as an agricultural officer, to study the 
economic condition of the cultivators in this Presidency, and I 
propose to address you on some economic factors which I conceive to 
be of fundamental importance in the matter of agricultural progress. 
Political Economy has, I believe, been described as the “ dismal 
science.” I fear that you may find my remarks dismal, but I hope 
that you will not find them unscientific. My excuse for addressing 
you on a subject somewhat remote from physical science is that I 
think that all you agricultural workers in this country, whether 
you are agriculturists, chemists, botanists or engineers, are often 
compelled to realize that the results of your labours, the practical 
application of the methods which you advocate, are largely discount- 
ed and severely handicapped by existing economic difficulties. 

* Frestdential Address delivered before tthe Agneultaral Section of the Indian Soience 
Cbngress, Bombay, January, 1919. 

( 373 ) 1 



374 


AGKICULTUKAL JOURNAL OF INDIA 


[XIV, HI. 


You discover something which should be of great value to the 
community, but the economic condition is often such that hardly 
any one is in a position to take advantage of your discovery. This 
cannot fail to be very disheartening to yourselves, to the public 
which is looking for material advancement at your hands, and to 
the Governments to whom we have to look for increased support. 
If the existing economic difficulties were insuperable, there would 
be little use in railing against them ; but it is because I believe that 
they can be overcome and that a situation can be created in which 
the practical value of your labours can be greatly increased, that I 
venture to address you on the subject. 

Stated in its briefest possible form, my proposition is this. In 
farming there are two fimdamental units, the farm and the farmer. 
For agricultural progress it is necessary that the farm should be a 
fixed and permanent unit, so that it may admit of permanent im- 
provement and adequate development, and that the farmer should 
be a fluid and moveable unit, so that the right men may get to the 
right places. Speaking generally, we find, to our misfortune, that 
in India the exact reverse is the case, that the farm, on the one hand, 
is subject to a continuous series of economic earthquakes, and that 
the farmer, on the other hand, is fixed and rooted. 

To turn first to the farm. So much has been said during the 
last few years on the subject of the subdivision and fragmentation 
of holdings, and the evil has been so generally recognized, that I 
do not propose to go into the matter in any detail. No orderly deve- 
lopment, no effective improvement can take place in a holding which 
is the wrong size and shape and which has no stability. The fact 
that this is true not only in theory but also in practice can be verified 
by any one who will take the trouble to do so. Not only is the 
land totally undeveloped, as development is known in other coun- 
tries, but the idea of progressive development is hardly understood 
by the landowners. To develop and improve a permanent 10- or 
20- acre farm is an intelligible proposition ; but to develop and 
improve a 10- or 20- acre farm which must in the near future be split 
up and fragmented is not an intelligible proposition to any one ; 
and since this is the proposition which confronts the Indian farmer 
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it is not surprising that he does not consider it seriously, in this 
way a low standard is set of agricultural methods and of agricultural 
results, a serious obstruction to progress is presented, and there 
arises a generally uneconomic situation which tends to become 
worse rather than better. 

Now let us turn to the farmer. The farmer owns his small 
and fluctuating area of land, it may be 15 acres of land in three 
plots in one generation, and 5 acres in six plots in the next generation. 
The point is that the farmer is fixed and permanent. His farm 
may fly into fragments and grow steadily smaller, but, generally 
speaking, he himself persists, whether he be a good, bad or indifferent 
farmer. In highly individualistic and competitive countries, 
efficiency is secured largely by the elimination of the unfit, who are 
squeezed out of the race by keen competition coupled by a high 
standard of living. This law is in constant operation in England, 
and there have been periods of agricultural depression there, when 
unprogressive farmers have been ruined and squeezed out whole- 
sale, while on some kinds of soil it is recognized that a bad farmer 
cannot hope, even in prosperous times, to survive many seasons. 
In rural India, however, the competition is less keen, the standard 
of living lower, and an easy-going tolerance, combined with an 
elastic; joint-family system, helps to tide the less effective members 
over their difficulties and to keep them in their places to the obstruc- 
tion of the more effective members of the community. It is by no 
means contended that there are no good farmers, nor can it be 
expected anywhere that all farmers will reach a high degree of 
excellence ; all that is suggested is that, owing to the causes mention- 
ed above, the proportion of bad and indifferent farmers is unduly 
large. And after all it is this proportion which counts ; for while 
we would term a country backward in agriculture in which only 
10 per cent, of the farmers were good farmers, we would be able 
to class it as advanced in agriculture if 50 per cent, of the farmers 
were advanced and progressive. 

We may then sum up the situation thus— 

The majority of the farms are of the wrong size and the wrong 
shape, they are not permanent units and are not susceptible of 
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orderly and adequate improvement. The majority of the farmers 
are deficient in .skill, industry and energy, and balance a low standard 
of emleavour by a low standard of living. 

These are the fundamental obstructions to agricultural progress 
to whi(;h 1 have to refer. The question is how we are to overcome 
them. It is clear that what we have to do is to endeavour to create 
and maintain suitably sized and suitably .situated holdings which 
will admit of adequate development, and to arrange that there 
.shall be nothing to prevent these economic units from passing by 
natural laws into the hands of the most progressive farmers who 
will be in a position to make the best use of them. If we can do 
this we can trust to the natural fertility of the soil and the natural 
industry of the farmers to secure the progress which we desire, 
aided by the scientific- investigations which have been made and 
which will be made in future, lint until we can do this we shall not 
secure anything like the full results that we look for from our natural 
advantages or from our scientific labours. 

Now what is it that prevents us from taking action of the 
nature indic^ated ? Whenever any remedial action of this nature is 
suggested it is always urged that the people have not asked for such 
acition and do not want it, that such action would be opposed to 
their reli^on and to their sentiments, and that a shuffle of farms 
and of farmers would constitute a political danger. These aspects 
of the question must, of course, be carefully considered. Tins is a 
country where religious and sentimental ideals count for much, 
where political dangers must be given due weight. But there is 
also a persistent demand on the part of a'section of the population 
for material progress. We have come to the parting of the ways, 
and India must decide which road she wishes to take... You may 
set up a sentimental ideal, an {esthetic ideal, an ideal of voluntary 
poverty, or an ideal of political caution. Such ideals are 
quite intelligible. The trouble is that to a large extent they are not 
compatible with the ideal of material progress. All that I say is 
this : if the former ideals are chosen to the exclusion of the latter 
let us stop all talk of rapid material progress ; for we shall have 
deliberately refused to take the first steps that lead to it. 



DRAINAGE AND CROP PRODUCTION IN INDIA. 


BY 


ALBERT HOWARIJ, (II.E., 
Imperial Economic, BotanUl, 


GABRIELLEL. C. HOWARD, M.A.. 
Second Imperkil Economic Botanist. 


The present may be described as tlie era of reconstruction. 
Ideas which were current five years ago have since been proved 
obsolete. Agriculture, whicli is concerned with the production 
of food and of raw materials, is now recognized as one of tlie key 
industries of the modern world whose development must be fostered 
by all the resources of the State. One of the main problems before 
the Indian Agricultural Department is the discovery of the best 
means of making the soil yield a higher dividend. This involves 
the recognition of the factors which limit production over large 
areas and the discovery of the best w'ay of putting them out of opera- 
tion. One of these limiting factors is defective soil -aeration. At 
the Lahf)re meeting of the Indian Science Congress, one of the 
subjet;ts discussed was the aeration of the soil and its bearing on flood 
irrigation in the arid regions of North-West India. ^ It wms shown 
that successful iriigation involves more than the mere application 
(jf water and that the aim of the irrigator should be the provision of 
water in such a manner as to interfere as little as possible with the 
aeration of the soil. The present paper attempts to deal with another 
aspect of soil-aeration, namely, inadequate drainage — ^a nratter of 
particular importance in many parts of India. Over large areas 
nourished by the monsoon, this factor bars progress. Its removal, 
however, is a matter which often lies outside the scope of the 


* Recent inTestigations on soil-aeration. Agric. Jowm. of India, vol. XIII, 1918, p. 416. 
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Agricultural Department and its mere consideration involves a 
multitude of other interests — ^those of the cultivator, the landowner, 
the revenue authorities, the engineer and the sanitarian. As the 
years pass, we are more and more impressed with the importance 
of drainage in the agricultural development of India and the present 
opportunity is taken of bringing the subject forward once more'. The 
connection between drainage and soil-aeration is not always clearly 
recognized. The essence of drainage, from the plant’s point of view, 
is the maintenance of the oxygen supply of the soil water. In 
the case of ordinary dry crops like wheat, all that is necessary 
to bring this about is an adequate gaseous exchange between the 
atmosphere and the pore-spaces. In water culture, of which rice is 
perhaps the best agricultural example, it is essential that there 
should be a very slow movement of oxygenated water round the 
feeding roots. Sometimes, when the country is flooded, dry crops 
have to change over for a time to water culture. As long as 
the flood water is in movement and the aeration of the roots is 
provided for, little or no damage results. 

In the plains of India, defective drainage arises during the 
monsoon from two distinct causes. In the first place, where the 
soils are on the stiff side, local surface accumulations of rain-water 
rapidly lower the fertility. In the second place, the sub-soil water 
often rises to such an extent at a time when the flow of the rivers is 
impeded that little or no general drainage is possible over large 
tracts of the alluvium. These two aspects of the subject will be 
<5onsidered separately. 

.SURKAI^E WATER-LOGGING. 

On the .stiffer loams of the Gangetic alluvium, local unevennesses 
in the crops are very common. Any partial holding up of the 
surface drainage by irrigation channels and any slight concavity 
of the fields, due to depressions or to the misuse of iron ploughs, 
are invariably followed by poor weak growth which exhibits all the 
characteristics of nitrogen starvation. That the loss of fertility is 
largely due to denitrification is proved by the results of an ei^eri- 
ment carried out at Pusa in 1910. In that year, a plot of heavy 
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land was purposely water-logged during thfe month of September 
in order to compare its behaviour with normally managed land on 
either side. Across the mid lie of the plots a strip was manured 
with 4 cwt. of nitrate of soda to the acre just before sowing the 
wheat. The results are given in Fig. 1, from which it will be seen that 
the effect of a month’s water-logging was to reduce the yield of wheat 
by about 16 bushels to the acre. 


Normal cultivation. Normal cultivation. 


34*45 

15-55 

29-14 

^SI^^D/.AREA TREfiTE 



34 >45 
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29*14 


uuiulitiiM ill tliti plan aiu buaiiei» pei* ucie. 

FlO. 1. The lesuit uf wheat Itiiiil at Pasta in 1910. 


In Jinother case at Pusa, a portion of a rather stiff piece of land 
was similarly water-logged during September 1917 and sown with 
Java indigo the following month. The effect of the water- logging 
on this leguminous crop was very marked. Five mouths after 
sowing, equal areas on the water-logged and control plots were taken 
and the heights of the plants were measured. On the water-logged 
plot, the average height of 200 plants was 10-4 cm., on the control 
the average height of an equal number of plants was 28-0 cm. When 
the root-system of the plants on these plots was examined it was 
found that the first effect of water-logging was to restrict the roots 
to the upper layers during the first few months of growth and to 
change the general character of the root-system. The results are 
shown in Fig. 2. On the left is represented the root-system of a 
plant from the plot water-logged a month before sowing, on the right 
a specimen of the roots from the control plot is to be seen. In the 
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water-logged plot, the development of the tap-root is soon arrested 
and one of the laterals after bending takes its place. In the case 
illustrated the acting tap-root was followed to some distance and was 
found to give off very few branches. 




Fig. 2. The root-system of Java indigo showing the effect of water-logging before sowing 
(left) compared with the control (right). 

Similar results have been obtained in the case of gram. In 
Plate VII are represented the root-systems of three gram plants 
grown in Pusa soil the same year and within one hundred yards of 
each other. Fig. 1 represents the root-system on a heavy clay where 
the aeration of the sub-soil during the previous monsoon was poor. 
The crop did very well up to flowering time but it set no seed and 
wilted away. The lower figure shows the root-system of a gram 
plant in light land. Here the yield of seed was heavy. The middle 
figure shows the root-system in land intermediate in character. 
Here the plants did not set seed well and the yield was poor. In the 
gram crop, root development depends directly on the aeration of the 
soil and is considerably modified by this factor. 




PLATE VIII. 



SURFACE DRAINAGE AT PUSA, 



bfeijCNACtl AND Cl^F SgJ 

The loss of fertility through denitrification is not the oidy 
consequence of surface water- logging. The physical texture of the 
soil is profoundly affected and when the land dries it is difficult 
to obtain the ideal crumb structure. The clods do not readily 
break down under the beam and the soil is gummy to the feel. 
Colloidal substances appear to be formed under these anaerobic 
conditions which not only hinder the formation of a good tilth but 
also prevent percolation. It is quite common at Pusa after a very 
heavy monsoon to find the pore-spaces near the surface almost 
entirely filled with water for some considerable time after the level of 
the rivers and of the ground water has begun to fall. The surface soil 
does not seem to be able to drain. An improvement in the texture 
follows if the surface drainage is improved and in cases where organic 
matter has recently been added to the soil. The gummy substances 
do not then seem to be formed to any great extent and the clods 
readily break down. These matters urgently require exact and 
careful investigation and it is difficult to suggest a more promising 
field of work for the soil physicist in India. 

The extent of the annual loss in the plains of India due to 
surface water-logging will be apparent if we consider the benefits 
which result from improved surface drainage through the adoption 
of the Pusa system.^ This method consists in dividing up the 
area to be drained into units not more than four or five acres in extent 
separated by trenches. These trenches are about four feet wide 
and two feet deep with sloping sides and grass borders (Plate VIII). 
The run-off passes over these grass borders and is led away to low- 
lying rice areas while most of the silt is retained on the field. 
By this device, each field has to deal with its own rainfall only 
and the run-off is strictly controlled. 

The improveipent in fertility and in the ease of cultivation 
which results from surface drainage are almost past belief. The 
Botanical Area at Pusa has been transfornaed by this means. The 
yields have increased, the plots produce even crops and the tilth of 
the stiffer areas, which was formerly poor, is now vastly improved. 
Several of the estates in Bihar have adopted this system which the 

^ Soil eroeiion Mid Mitfaoe drainage. BuU0$in No, Afffic. InBUuU, Pusa, 1015. 
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surrounding cultivators are now copying. As an example of the 
results obtained, the following report, dated November 16th, 1914, 
from the Manager of the Dholi estate may be quoted : — 

“ I have now some 500 bighas at Dholi and my outwork, 
Birowlie, drained by surface drains on the Pusa system. 

“ The improvement of all the lands is very marked, especially 
at Dholi where most of the lands are on a slope and the high lands 
suffered from loss of soil from rain- wash and the lower lapds iised 
to be water-logged at the time when they should be cidtiv^ed for 
raid and indigo crops. 

“ The advantage derived from the drainage is most marked 
in the low-lying lands which were formerly my poorest lands and 
these last year gave me as good or better returns of wheat and 
indigo than the high lands ; and 1 am certain will still further 
improve. These lands I am now able to keep cultivated through the 
rains and to sow them at the same time as the higher lands.’* 

The most convincing proof however of the advantages of the 
adoption of this system on the Bihar estates is to be found in the 
rents paid by the tenants of drained land. On the Dholi estate, 
several areas, which previously could not be let to tenants at all 
and which had to be put under cheap crops like oats, fetched high 
rents when surface drained. In 1914, one of these drained areas 
under chillies was let for ninety rupees a bigha, another under 
tobacco for one hundred and fifty rupees a bigha. The improvement 
in soil-aeration which followed the construction of the surface drains 
thus rendered possible the substitution of money crops for cheap 
crops. 

The prevention of drainage. 

Another aspect of drainage must now be considered. As the 
rain-inundated region of the Gangetic delta is approached, a well- 
marked rise in the sub-soil water-level takes place after the monsoon 
has set in. This is particularly the case in North Bihar where the 
flow of the rivers is soon checked by the rise of the level of the 
Gar^. The result is that the rivers overflow and the low-lying 
areas go under water. The rise in the level of the rivers is followed 
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by a rise in the water-level of the wells. These movements of the 
river-level and of the general ground- water are illustrated in the 
curves opposite which represent the state of affairs of the river 
at Pusa and of one of the wells (about a quarter of a mile distant 
from the river bank) for the years 1910 , 1912 , 1913 and 1914 . 
These curves (which were prepared by Mr. Jatindra Nath Sen when 
Officiating Imperial Agricultural Chemist at Pusa) are typical of 
the sub-soil water conditions of this tract during the monsoon. It 
will be seen that the curves of the ground-water level vary according 
to the year. In some years like 1912 and 1914 , the curve is even and 
no great oscillations of level occur. In others, such as 1910 and 1918 , 
there are well-marked oscillations. These oscillations, from the 
plant’s point of view, are of the greatest importance as a fall in the 
level of the ground-water means a strong downward pull and the 
temporary resumption of drainage and of soil-aeration. 

These Bihar ground-water and river-level curves have proved 
to be of particular interest in the study of the wilt disease of Java 
indigo. It is found that this deep-rooted plant ceases to thrive 
when the general drainage of the country stops and often dies off 
altogether due to wilt. It appeared from numerous observations 
in the field thivt indigo wilt is caused by water-logging which leads 
to the destruction of the fine roots and root nodules. This view 
has been established by direct experiments in lysimeters in which 
the drainage can be stopped at will. At the beginning of the monsoon 
of 1918 , Java indigo was grown in two sets of lysimeters. In one 
set, alluvial soil obtained from the Kalianpur farm near Cawnpore 
was used, in the other set, light Pusa soil was employed. The 
Kalianpur soil is exceedingly rich in available phosphate ( 0*318 
per cent.) while the Pusa soil, when analysed by Dyer’s method, 
gives very low figures for available phosphate (0*001 per cent.). 

The results may be summed up as follows : — 

(1) In both Pusa and Kalianpur soil the indigo in the lysi- 

meters with free drainage escaped wilt. 

(2) When the drainage openings were closed and water- 

logging from below took place, all the plants were 
wilted in both Kalianpur and in Pusa soil. 
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(3) The wilt in the Kalianpur soil (rich in available phosphate) 

was much worse than in Pusa soil (said to be low in 
available phosphate). 

(4) The growth in Kalianpur soil was much slower than in 

Pusa soil. 

In these lysimeter experiments, the stoppage of drainage 
brought about an interesting change in the root-system of the 
indigo and caused the lateral roots to run near the surface. (Fig. 3.) 



FiOt 3, The effect of water-logging after sowing on the root* 
development of Java indigo. 
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On the left are shown two indigo plants from the lysimeter 
with free drainage. The root development is normal for the variety 
sown. On the right, two t5rpical plants from the lysimeter in which 
the drainage openings were closed are represented. Here only 
surface roots were developed and the main tap-root was restricted. 

Sub-soil drainage. 

Another aspect of drainage must now he briefly considered, 
naniely, sub-soil drainage l)y means of tiles, fl’he openings for this 
system in India under present conditions are however much fewer 
than for surface drainage. The cost per acre of laying tile drains 
is considerable and further, if the work is to be of use, it must be well 
done. Sub-soil drainage would naturally only be attempted if surface 
drainage is found to l)c insufficient to improve the aeration of the 
soil. The heavy, black soils of peninsular India afford perhaps 
the best opening for this class of soil improvement. As is well known, 
these soils expand when wetted and the croj)s only do well if the 
amount and distribution of the rainfall is particularly favourable. 
Heavy, long-continued rain is almost as harmful as actual famine 
conditions. Particularly is this the case with cotton which never 
yields well in wet years. Interesting and valuable results have been 
obtained by Mr. Allan on the heavy black soils at Nagpur where, 
by means of sub-soil drainage, marked improvements have been 
shown possible.^ By means of shallow sub-soil drains, Mr. Allan 
obtained the following advantages : — 

(a) Surface cultivation is rendered possible even in wet 

years and the land can be kept clean. 

(b) The crops grow faster, are healthier and yield better. 

(c) The root development is improved and the resistance to 

drought is increa.sed. 

Mr. Allan’s results were obtained on the ordinary heavy black 
soils at Nagpur. The most productive of this class of land, however, 
are the garden lands irrigated by wells or tanks. These fields are 
very valuable, are often well cultivated and large quantities of manure 


' Allan, R. G. Bulletin No. 85, Agric. Research Institute^ Pusa, 1918. 
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and irrigation water are annually applied. They suffer little 
from erosion as they are constantly under crop, the surface is 
generally even and the area of each field is small. By means of 
sub-soil drains discharging into irrigation wells it might be possible 
not only to increase the yield and the number of crops per year 
but also, by improving the aeration, to diminish the amount of manure 
and irrigation water required. There seems to be a very promising 
field of investigation in developing the rich garden lands of the 
Bombay Presidency and the old poppy fields of the Malwa plateau. 
Already a great deal of capital has been sunk in these fields. Their 
owners are often well-to-do men who could easily afford to sink 
some of their savings in sub-soil drainage if this proves to be a 
success. The matter is one well worthy of careful investigation. 

The wider aspects of drainage. 

While the cultivator can often do a certain amount to improve 
the surface drainage of his fields he is quite unable to cope with the 
larger aspects of the subject. Observations indicate that in many 
parts of India the surface drainage of large areas is defective and 
the crops suffer from poor soil-aeration. In some cases, this is 
due to the existence of extensive shallow, cup-shaped depressions 
which are unable to discharge the run-off quickly. In others, the 
general surface drainage is partially held up by roads, embankments 
and by bridges provided with insufficient water-way. Such pro- 
blems are clearly beyond the means of the zamindar. They need for 
their solution the services of the engineer. A detailed drainage 
map of the area to be improved is obviously the first condition of 
success. From an inspection of some of these areas in the plains 
it would appear that a great deal could be done by the provision 
of a system of drainage canals by which the run-off can be passed 
either into rivers or led slowly through rice areas at a slightly lower 
level. 

The difSculty in matters such as these is to make a successful 
beginning. The first step appears to be the study of the general 
drainage of a few of these partially water-logged tracts of the allu- 
vium, the preparation of a drainage map combined with a study 
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of the rivers where this is necessary. The drawing up of definite 
working-plans would follow and progressive landowners would 
probably be found who would be willing to execute a small project 
under direction. These proposals do not involve a great deal of 
expense. A certain number of engineers with the necessary agri- 
cultural insight in all probability exist in the country now and, 
if set to work on this question, would rapidly justify themselves. 
Their assistance in this matter is essential. The cultivators and 
zamindars are so intent on their own small areas of land that they 
cannot be expected to evolve a scientific scheme of drainage for the 
country-side. Clearly it is for the State to provide a directing hand. 
In this direction a step forward has already been made by one 
Indian province. In the Punjab Government Gazette of September 
28th, 1918, the constitution and duties of a Drainage Board for the 
province were announced. In the Government Resolution on 
this matter it is stated that “ water-logging is due to many other 
causes than seepage or over-irrigation from canals, for instance 
imperfect natural drainage or the obstruction of natural drainage 
by roads, railways, irrigation channels and zamindars’ embankments. 
The evil is of steady growth in parts of the province and in some 
places threatens not only the prosperity but the health of the rural 
population and involves also serious loss to Government revenue. 
Hitherto it has been dealt with only spasmodically. There has been 
no settled policy either for investigation or for action. The question 
should, therefore, now be taken up for the province as a whole.” 
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In the potato tracts of the Bombay Presidency the greatest 
enemy to the successful growth of this crop is the presence of the 
“ ring disease.” Other pests and diseases exist, but they can more 
or less be kept in check, but in the case of the ring disease, the 
cultivators have been helpless, largely because they have not been 
able to determine the source of the disease, and the means by which 
it is transferred from crop to crop. In the past, the regular and 
frequent importation of fresh seed from Italy has been the method 
adopted to keep the disease in hand, but it was never determined 
whether the success of this method was due to greater resisting power 
in the imported seed, or whether its gradual deterioration was due to 
continually increasing infection after importation. During the 
years since 1915 the import of such seed has been impossible, and the 
question of keeping the disease in check while using local seed 
became a matter of urgent necessity to the potato industry. 

The ring disease of potato, it may be noted, is a bacterial wilt 
and though its ravages had proved a very serious matter in Bombay 
as long ago as 1891, it was only accurately investigated and its 
nature determined by Coleman in 1909. Its attack produces a 
sudden wilting of the plant, when such tubers as are attached to 

( 388 ) 
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the plant will be found to show a brown ring in the vascular tissue, 
commencing as a rule near the point of attachment of the tuber to 
the plant, but spreading round the whole tuber. The infection 
also affects the lower part of the stem in which the ring can usually 
also be distinctly seen. 

The damage done by the disease is very great. Often twenty 
or thirty per cent, of the plants in a plot die, and we have known as 
much as seventy or eighty per cent, of what seemed at one time a 
very promising crop to be lost on account of the disease. It is 
almost universally found in the potato-growing tracts of the Deccan. 

The most important point in combating this disease is to find 
the usual means of infection. It has been known, since the investi- 
gations of Coleman (1909), that diseased seed tubers would produce 
diseased plants, and, moreover, that infection could also take place 
through infected soil. But the relative importance of these methods 
in actual practice has not been determined and it was absolutely 
necessary to our work to find out how the disease was most fre- 
quently carried from crop to crop. In other words, if soil infection 
was the chief source of the disease in our fields, it would be necessary 
to fight the disease by keeping infected fields free from susceptible 
plants until the bacteria which cause the disease die out. If, on 
the other hand, the seed was the chief means of infection, careful 
attention to the seed would be the primary, and might even be the 
only necessary, method of precaution. 

The determination of these points was the object of a series of 
pot experiments in 1917 and 1918, in which potatoes were grown in 
fresh river soil in which no infection could have occurred, and 
infection was introduced in the following ways : — 

(1) by planting potatoes containing ring disease; 

(2) by mixing pieces of potato attacked by ring disease with 

the soil; 

(3) by watering the soil with water in which cut sets of pota- 

toes attacked by ring disease had been allowed to 
lie for half an hour ; • 

. (4) by inserting pieces of potato infected with ring disease in 

the potato s^ ; 


2 
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(5) by soaking the potato sets in water used to wash potatoes 

affected with ring disease ; 

(6) by using, as seed, tubers from a plant affected with ring 

disease, but which themselves showed no sign of the 
disease ; 

(7) by using a knife infected by cutting affected sets, to cut 

sound potatoes for planting ; 

Duplicate pots were taken in each case, but the results were 
consistent throughout, and gave results as follows : — 

(1) Where diseased potatoes (eight sets) were planted. 

(o) Six sets did not germinate ; 

(6) one set germinated, but began to wither eleven days 
later, and was completely dead after a week ; 

(c) one set germinated and greAv fairly well. It however 
produced no tubers, and after ripening the original 
set was found to be rotten. 

(:i) Where the soil was infected with fragments of infected 
potato. Six sets were planted, and all germinated. 
Seven days later one was wilting. After eleven 
days two plants were dead and two were wilting. 
A week later one more was dead, but the other affected 
plant was making an effort to throw out new buds. 
It was in vain however, and seven days after it 
was dead. At this time (4^ weeks after planting) 
all were affected and either dead or dying save one 
plant. This latter remained apparently healthy and 
matured normally giving three ripe tubers. On 
cutting these, however, all were foimd showing signs 
of ring disease in the tuber. 

Infection of the soil by fragments of diseased tubers is, there- 
fore, very fatal, and even if the plants do not die, the tubers are very 
likely to be diseased. 

(3) Where the soil was infected by the water in which diseased 
potatoes had been soaked. 

Five sets out of six germinated, but all died of ring dis- 
ease. They were quite healthy, however, for over 
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three weeks, and then wilted and died in rapid 
succession. After six weeks all were dead. 

This experiment shows the extremely infective character of 
the water in which diseased sets have been soaked. 

(4) Where the sets were infected by the insertion of fragments 

of diseased tubers. 

The results of this method of infection showed it to be by 
no means so certain or so rapid as those previously 
considered. Out of six plants, one died in six 
weeks, and two more a week later. The remainder 
(3) ripened and were harvested in due course three 
months after. Of the tubers produced, those from 
one plant all showed signs of ring disease, from a 
second all showed signs except one and in this none 
could be detected, while in the third no ring disease 
could be observed in any of the tubers produced. 

(5) Where the sets were infected by soaking in the water in 

which diseased potatoes had been placed. 

In this case all the potatoes germinated normally. The 
first sign of disease was observed twenty-four days 
later, but the progress was very rapid and all were 
dead thirty-six days after planting. 

(6) Where the sets were from infected plants, but themselves 

showed no signs of ring disease. 

Out of eight such sets planted two died of ring disease five 
weeks after planting. The remainder were harvest- 
ed but dll the tubers produced shovoed signs of ring 
disease. 

This experiment showed clearly that the potatoes which were 
obtained from ring-disease-affected plants but showed themselves 
no sign of the disease were unsafe as seed. 

(7) Where the sets, though healthy, were cut with a knife 

previously used to cut a potato affected with ring 

disease. 

Fifteen healthy potato sets were planted, their only con- 
nection with the disease being that the knife used 
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for cutting them had previously been used to cut 
diseased potatoes. Fourteen sets germinated in 
due course and in good time. A month later five 
of them were dead, and gradually all died before 
maturity except two. These two matured, but 
all the tubers on them were half rotted with ring 
disease when they were taken out. 

This experiment shows the extreme infectiveness of the disease. 

The position is, therefore, clear. The ring disease is extremely 
infectious and may be carried by diseased sets or by anything which 
has been in contact with them. The soil may carry the disease 
whether it has been infected by diseased tubers, by water in which 
diseased tubers have been washed, or by remnants of diseased potato 
plants remaining in the soil. And even the knives used for cutting 
a few diseased tubers may infect a large part of a crop, when the 
seed is otherwise of good quality. This last fact is beginning now 
to be realized by the cultivators, and we are introducing a system of 
sterilizing the knife used for cutting sets with hot water after contact 
with diseased potatoes, among the more advanced cultivators 
of the Poona potato tract. 

Perhaps the chief interest, however, lies in the infection through 
the soil, and the length of time during which the bacteria are 
capable of living there, and infecting the following crop. It is 
obvious that if the organism is capable of making soil infective for 
a long period potato cultivation is doomed in these districts. We 
have hence made experiments to ascertain how soon potatoes can 
again be safely grown after the soil is thoroughly infected with the 
disease. 

Pots were taken in which all the plants had died through soil 
infection with water in which diseased sets had been soaked, but 
from which all remnants of diseased plants were removed. Then 
new healthy sets were planted (1) immediately, (2) after two to three 
months, and (3) after about six months. In the meantime the soil 
was allowed to stand without cultivation. 

Where healthy potato sets were planted immediately after the 
removal of the previous (diseased) crop, all the plants were affected ; 
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out of four plants one died within three weeks of planting, another 
within four weeks, while a month later a third was dead. The fourth 
was attacked, but was able to throw out new side shoots and came to 
maturity. No tubers were however formed. In this case, there- 
fore, all plants were affected. 

The soil from which the last crop was harvested was then 
allowed to stand for two and a half months (November Ist to January 
18th) and then re-planted. Four plants were obtained. Three 
remained healthy throughout, produced good tubers which showed 
no sign of ring disease. The fourth plant began to droop after 
three months, and was then dug up. Of the three potatoes produced 
by this plant, two were apparently healthy, but the third was 
undoubtedly attacked with ring disease. 

The same pot was again sown a week later (eleven months after 
the original infection), the plants matured healthily and the tubers 
showed no sign of ring disease. 

In a further experiment, the soil was thoroughly infected wth 
diseased material and healthy sets planted immediately. All died 
in due course, and then, after removal of the plant residues, the soil 
was allowed to stand for five months without a crop (August 18th to 
January 18th). It was thetj planted with healthy sets. Under 
these circumstances all the sets germinated perfectly, grew healthily 
and ripened normally. No tuber or plant showed any sign of ring 
disease. 

As this matter appeared very important the experiment was 
repeated with no less than nine pots in all of which the soil was 
thoroughly infected as shown by the complete loss of the previous 
crop. In each case, after removal of the plants, the soil was allowed 
to stand for 6| months (September 11th to March 27th) and then 
planted with healthy sets. All germinated, and no sign of ring 
disease was found throughout growth. None of the tubers pro- 
duced were infected with ring disease. 

In summary, we may say that the experiments recorded confirm 
previous results as to the conveyance of the ring disease of potatoes 
from crop to crop both through the seed and the soil. They show the 
extremely infectious character of the disease in that not only the 
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seed but also everything which has been in contact with it, even the 
knife by which diseased sets have been cut, are capable of conveying 
the disease to a healthy tuber and hence to a healthy plant. 

The infection does not, however, live long in the soil in a viru- 
lent enough condition to affect new plants. After two and a half 
months the infectiveness was reduced by at least seventy-five per 
cent, w^ter five to six and a half months the infectiveness of the 
soil has disappeared.* It would appear clear, therefore, that if land 
is kept free from potato plants, or other plants, like tobacco, capable 
of carrying the disease, for six months, the danger of infection 
through the soil is very small, if, indeed, it is not entirely eliminated. 
Inasmuch as the potato crop, usually reaped in February or March, 
is never planted on the same land until October or November, 
and the crop reaped in September or October is never planted on the 
same land until the following June, it would appear that the danger 
of infection through the soil under Deccan conditions is small, if the 
diseased plants are carefully removed in each crop. This agrees 
with practical experience and enables attention to be focussed on 
the provision of disease-free seed as the main line of the attack on 
this very fatal disease. 


♦ As against this, Butler reports that fire years are considered as necessary in America 
to remove the infeotiveness of the bacteria] wilt of tobacco caused by the same organism. 
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Green-manuring is a subject of world-wide interest, as the 
prrctice is in vogue in all countries and has proved ejffective in 
maintaining or increasing the fertility of the soil. In support of 
this practice of ploughing in a green crop into the soil various reasons 
are usually gi\en. However, analyses of soil, before and after 
green-manuring, have shown that the organic matter and the nitrogen 
added to the soil by the green crop are of all others the two most 
important factors on which the value of green-manuring chiefly 
depends ; and field trials on a large scale have further made it 
evident that the practice is an economical one, that is, it can at a 
comparatively smaller cost per unit provide the organic matter and 
the nitrogen necessary to improve the soil. 

In green-manuring the chaises brought about by the addition 
of large amounts of organic matter are no doubt an important 
asset as affecting the general permanent fertility of the soil by 
increasing its humus content and improving its physical property, but 
what is of immediate benefit to the crop succeeding the green manure 
is the addition of nitrogenous material which becomes readily avail- 
able by being changed into nitrates in which form the nitrogen is 
mainly taken up by plants. In order to convert the organic matter 
into humus and the nitrogenous material into nitrates it is necessary 

( 3sn ) 
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that green manure should first be thoroughly decomposed. The 
conditions necessary for the decomposition of a particular green 
crop cannot be found everywhere as there are many variations in 
conditions of soil and climate in different countries. Hence different 
kinds of green manure have been tried under varying conditions of 
soil and climate all over the world. These empirical trials have 
pelded plants for green-manuring purposes suitable to each particular 
area, but in spite of the fact that the course suggested by empirical 
trials is followed in practice and is usually attended with success, 
still many times failures also occur. There are numerous such 
instances on record of the failure of the treatment of the soil with 
green manures to promote greater fertility. It is difficult at first 
sight to account for the absence of the specific effect of the addition 
of organic nitrogen on crop yield. This is no doubt due to the 
paucity of research from the biological side of the question. How- 
ever, besides the work done in other countries some valuable results of 
work done by the Agricultural Departments in India are already 
published. The work on the gases of swamp rice soils by Harrison 
and Aiyer^ deals with the practice of green-manuring for rice and 
hence does not relate to conditions obtaining in the use of green 
manures for the succeeding raid (winter) crops. This latter aspect 
of the question is dealt with by Hutchinson and Milligan* who have 
studied the decomposition of green mamires from a bacteriological 
point of view in the laboratory, besides carrying out a number of 
experiments in the field. These authors used sann-hemp as green 
manure and carried out their experiments in Pusa soil under varying 
conditions of moisture and depth of burying the green manure in 
the soil. As the result of their work they have made it clear that 
the value of green manure depends on the presence of proper condi- 
tions of moisture in order to effect its complete decomposition, and 
that rainfall and transpiration of water from the green manure crop 
itself affect the moisture left in the soil for the successful decomposi- 
tion of the green manure. Another point of importance to which 


^ Hamson end Ai}er. “The gases of swamp rice soile. ’ Memoir 8, Dept of Agric,^ India, 
Chemical Series, vol. HI, n). 3. 

, * Hutchinson and Milligan* Agric^ Besearch Inst,, Pusa, BuUetin No, 40 
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attention is drawn by the authors relates to the concentration of 
nitrogen. The authors point out that in case of nitrogenous manures 
a certain concentration of nitrogen in the available condition is 
necessary to show the beneficial manorial effect. These observa- 
tions account for many failures of green manures and also indicate 
the optimum conditions necessary for successful decomposition of 
green manures. 

It is proposed in this paper to present the results of an attempt 
to study, on similar lines, as to what happens to green manure 
when incorporated in the soil for the succeeding rahi crop. In 
order to exclude the possibility of failure to decompose we restricted 
ourselves under previously determined optimum conditions of mois- 
ture, teir'.perature and nitrogen (^oncmtration mentioned by Hutchin- 
son and Milligan^ as necessary for successful decomposition of sann- 
hemp. We have however extended our work to the study of decom- 
position of different kinds of green manures in order to find out 
whether there is anything in the nature of the constituents of different 
green manures, which makes one kind of green manure more suitable 
than another. We have also included in our work the study of the 
decomposition of different parts of green manure — leaves, stems and 
roots — incorporated separately in the soil, in order to ascertain 
whether the different ratio of nitrogenous to non-nitrogenous consti- 
tuents existing in the different parts affects the course of nitrogen 
changes. We have also attempted to find out what happens to the 
undecomposed tissues or crop residues and to see the effect of the 
same on the process of nitrification. 

Before proceeding we may just mention that in our opinion 
the value of green manure depends on the fact, whether after its 
decomposition it is able to provide a certain amount of available 
nitrogenous food and not so much on the quantity of organic material 
which it is likely to add to the soil. The soils to which green manures 
are added do already contain a much greater amount of organic 
nitrogen than the quantity added in the form of green manures. 
Thus Pusa soil representing the type of soils in the Gangetic alluvial 
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plain is found to contain 70 to 90 nulligrams N per 100 grams of 
soil or 1,750 to 2,000 lb. per 9-inch acre, while the nitrogen added 
as green manure to the soil is from I'o to 2‘0 milligrams per 100 
grams of soil or 37 to 50 lb. per acre. But the large difference it 
makes to the immediately succeeding crops is due not to the actual 
amount added but what happens to it after it is incorporated in the 
soil. If we examine the original soil and the same soil to which 
green manure has been added after some weeks we find slight differ- 
ences in the amount of total nitrogen, but of this only a small per- 
centage is found as nitrates in the original soil, while under optimum 
conditions nearly 60 per cent, (under field conditions slightly less) 
of the added nitrogen is generally found nitrified. We say “ gener- 
ally ” because it will be shown later that this may not be correct 
for all green manures. ^That there is a direct relation between the 
nitrates present in the soil and the growth of the crop is observed 
by all investigators, but it is worth noticing the singular coincidence 
between the interval necessary for naaxinmm accumulation of nitrates 
after incorporation of green-manuring material as found in the 
laboratory and the optimum interval that should be allowed to pass 
after burial of the green m.anure before the sowing of the succeed- 
ing crop. ^Thc period for maximum, accum.ulation of nitrates was 
found to be eight weeks at Pusa by Hutchinson in case of sann-hemp 
{Cratalaria juncea) as green manure in Pusa soil and the optimum 
interval for transplanting tobacco after sann-hemp buried as green 
manure was also found to be eight weeks by Howard. Another 
case of nitrate accumulation and the benefits to succeeding crops is 
noticed by J. Sen in a recent number of the Journal of Agricultural 
Science ( Vol. IX, No. l),wherein the author says It is also interest- 
ing to note here another point which shows a close relation between 
the growth of plants and the nitrification processes going on in the 
soil. The period during which nitrates began to accumulate in the 
soils investigated coincides with one of the periods of rapid plant 
growth in Bihar.” We may take it for granted therefore that nitrate 
formation or rather nitrate accumulation largely influences the 
growth of succeeding crops, and hence attention was first given to 
the study of the nitrate formation in preference to all the multiple 
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processes that take place in the soil after the incorporation of any 
organic material and which we shall have occasion to discuss later 
on. The results obtained so far are detailed in this paper as being of 
interest to other workers in the field, and also with a view to invite 
criticism so as to enable us to direct our efforts in the proper direc- 
tion in the light of these criticisms. 

Six leguminous plants were chosen for the purpose of the 
experiment. The plants selected ranged from those possessing 
very thin and slender stems to those having thick woody ones. 
The average size of their branches is represented in the accompanying 



1. Sanii'henip. 2. Dhaincba. 3. TamarimK 4. Guvar. 5. Oow>pea. 6. Gokarn. 

photograph so as to give an approximate idea of their respec- 
tive size at the time of burying them in the soil. Of these the first 
three are of the woody and the last three of the succulent type. 
Their common and botanical names are as under : — 

Sann-hemp {Crotedaria juncea). 

Dhaincha {Sesbania acideata). 

Tamarind {Tamarindus indica). 

Giivar {Cyamojms psoradioides). 
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Cow-pea {Vigm catjang). 

Gokam (Clitoria ternatea). 

Of these, sann-hemp, dhaincha, guvar and cow-pea are commonly 
used as green manures. Tamarind was included with a view to see 
the effect of a greater proportion of woody tissue to the leaves, and 
gokarn for the opposite reason having the slenderest stem of all with 
a comparatively higher amount of foliage. 

Seeds of these were sown separately in a small plot so as to 
allow their growth in the same soil as was to be used later on for 
nitrification experim.ents and under the same conditions. This 
process, it was thought, would avoid all the other factors likely to be 
urged to discount the residts obtained if the crops were got from the 
different fields. 

The plants were allowed to grow for six weeks when they were 
uprooted and the percentage of nitrogen was deternuned in each 
case after proper sampling. Whole plants were taken root and 
all. Green plants were cut to pieces, averaging about half an inch, 
and these were separately added to each kilo of air-dry Pusa soil 
at the rate of 30 n>,illigram.s of organic nitrogen in the form of green 
manure per 100 gram.s of dry soil. Water was added to the soil so as 
to make up the nioisture content of the soil up to 16 per cent., 
allowance being made for the water already contained in the green 
plants. The soil and the plant were thoroughly mixed with the 
hand and each lot filled in separate glass jars. The jars were covered 
and kept at 30°C. in the incubator. The quantities of nitrogen 
and moisture stated above were taken as they had been found to be 
the optimum for the Pusa soil. Samples for analysis were taken 
after thoroughly paixing the soil, to determine the amount of am.monia, 
nitrite and nitrate form.ed at the end of each week for the first four 
weeks, after which time determjnations were made after an interval 
of two weeks. Nitrates were determined by the phenol-sulphonic 
acid method, nitrites by Greiss-Ilosvay method, and ammonia was 
determined by distilling with magnesia the acidified soil extract. 

Chart I illustrates the rate of nitrate formation or more cor- 
rectly speaking nitrate accumulation in the soil after addition of’the 
green manure. 
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The result with tamarind plants is a negative one. Want 
of nitrification cannot in this case be attributed to insufficient 
moisture or low temperature as the experiment was carried out 
under optimum conditions of moisture and temperature and rate of 
application of nitrogenous material. It is striking as it is generally 
assumed that all legumes enrich the soil by supplying organic 
nitrogen and that all organic nitrogen in any form added to the soil 
is nitrified to a certain extent. There is no change in the reaction 
of the soil which remained basic. It may as well be mentioned 
that under the optimum conditions of moisture and temperature, 
decomposition of the tamarind plant tissue and also ammonifica- 
tion to a certain extent had taken place. The failure to nitrify 
therefore is not due to want of decomposition but may be regarded 
as due to som.e substance present in the plant which actually 
inhibits the action of nitrifiers. Experim.ents are in progress to 
find this out and we must await the results of further inquiry 
before we can definitely ascribe this result to any particular 
cause. 

The rate of nitrification of the succulent plants in this experi- 
ment is in inverse ratio to the succulence of the stems ; the more 
tender and hence more easily decomposable the tissue, the slower 
the nitrification : which is rather contrary to general expectation. 
It is assumed on a •priori grounds that the more succulent a plant is, 
the more easily it is decomposed, and hence more easily available 
the nitrogen contained in it should become. That it is easily 
decomposed is correct, but on account of the very fact of its easy 
decomposition the nitrate accumulation power is lowered in the 
beginning. To venture an explanation of the fact certain possibili- 
ties present themselves which may be put down here briefly. Of 
these the first two explain why nitrate formation may be retarded, 
and are based on the assumption that nitrates accumulated in soils 
represent the total .quantity of nitrates formed. 

1. Most of the species of putrefactive bacteria that develop 
on the addition of green manure to a soil can attack both carbona- 
ceous material as well as nitrogenous, and, as a result of some preli- 
minary experiments on the subject, we found that when pure 
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cultures of some of these putrefactive bacteria were separately 
inoculated into peptone solutions with and without glucose a com- 
paratively smaller amount of ammonia was obtained by distillation 
with magnesia from peptone with glucose than from peptone alone. 
Similar results were obtained with the complex soil flora acting on 
oilcake with and without glucose. We, therefore, assume that the 
course of nitrification will be similarly affected by easily decom- 
posable carbonaceous material which is found in greater proportion, 
in the fonn of parenchymatous tissue, in the succulent plants than 
in the woody ones. It is in our opinion on account of the presence 
of this greater amount of easily oxidisable carbonaceous material in 
the succulent tissue that we get a smaller amount of nitrogenous 
material changed into ammoniacal condition and consequently less 
nitrification in the succulent plants than in the woody ones in the 
early stages of decomposition. It m.ust be admitted that this 
explanation is a tentative one. It may have to be abandoned if 
further experiments do not confirm the results already obtained. 

2. The second possibility is that the putrefactive bacteria 
attacking these succulent tissues multiply to such an extent in the 
beginning that by their rapid growth they form bacterio-toxins and 
other products such as indol and skatol, as well as other deleterious 
substances found by Schreiner, Shorey and others. Though formed 
in minute quantities under aerobic conditions their presence may 
retard nitrification. 

The next two possibilities presuppose that nitrate accumulation 
is a resultant of all kinds of bacterial activities going on in the soil, 
and that nitrate accumulation is not an absolute measure of nitrate 
formation but the algebraic sum of nitrate formation and nitrate 
reduction. 

3. The lower amount of nitrates formed in the case of succu- 
lent plants is due to the fact that destruction of nitrates takes place. 
The greater number of bacteria that develop on addition of green 
manures destroy the nitrates that are actually formed, in other words, 
true denitrification sets in simultaneously with nitrate formation. 

4. The further alternative is that some of the putrefactive 
bacteria assimilate the nitrates formed for their own growth and 
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convert it into bacterial proteins which become available later on. 
Without attempting to solve at this stage which or how many of 
these possibilities are correct we shall take up another question in 
attempting to answer which we shall have occasion to turn to the 
discussion of these alternative hypotheses. 

A question is often raised, to what part of the plant the benefit 
of green manure is due, the portion above ground or the portion 
below ground, i.e., the root residues, and it is suggested that the 
under-ground portion, i.e., the root residues, is an important 
asset, and it is further pointed out that if this is so, it is no use bur}dng 
the whole of the crop of the green manure, but the green manure 
can be more economically used if the portion above ground is utilized 
by the farmer or his cattle as feeding stuff and the portion below 
ground left in the soil to rot. It has been assumed by some writers 
that the nodule bacteria being associated will) the roots and fixing 
the atmospheric nitrogen there, the roots are likely to contain 
most of the nitrogen contained in the leguminous plant, this 
belief being strengthened by the fact that a crop of cereals after a 
previous leguminous one is always better than that after a previous 
cereal crop. The only point of difference in the two cases lies in 
the roots and, stubble left in the ground, those in the case of 
leguminous plant containing more nitrogen. 

However that may be, the question cannot be answered by 
analogy because we have not to compare the effect of root residues 
of a leguminous crop with those of a cereal one. What we have 
to compare is the effect of the above-ground portion with the under- 
ground portion of the leguminous plant used as green manure. 
There can be no doubt as to which of these contains the greater 
amount of nitrogen. From the various figures of analysis published, 
it can be seen at a glance that the portion above groimd contains 
nearly three-fourths of the nitrogen contained in the whole plant. 
There may be exceptions, but for our purpose in this case the four 
plants under experiment which are commonly used as green 
manures, viz., sann-hemp, dhaincha, guvar and cow-pea, this is so. 
Chart II shov^ the nitrogen content of leaves, stems and roots from 
our analyses made for the purpose of experiments described later on. 
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The only way in which it seems possible that this might be 
wrong is by having recourse to a supposition that all the nodules 
which are found on the roots of the Leguminosce do not represent 
the full number borne by the plant, but a considerably larger number 
are formed on the roots and get loose from the plants ; these subse- 
quently rot in the soil and thus add a considerable amount of nitrogen 
to the soil. Leaving this more or less far fetched assumption aside, 
let us consider only the amounts actually found by analysis which 
show distribution of nitrogen in the proportion stated above. As 
is already pointed out, however, in the case of soil nitrogen, it is 
not sufficient merely to consider the quantity of organic nitrogen, 
but we must also know its ready availability which may differ so 
much as to make the root residues more valuable than the portion 
above ground. In order to test this, leaves, stems and roots with 
nodules in the case of four of the plants were carefully analysed, 
and portions containing equal amounts of nitrogen at the rate of 30 
milligrams nitrogen per 100 grams of soil were added ^d allowed 
to nitrify as before and the weekly determinations of ammonia, 
nitrite and nitrate made. The following two selected charts (Nos. Ill 
and IV) illustrate what happens. All the charts represent the same 
phenomenon and hence those of dhaincha and sann-hemp are shown 
as typical. Another chart (No. V) comparing the nitrifiability of 
four kinds of leaves is also given which shows differences in the 
rate of nitrification. There is hardly any choice as regards the 
nitrifiability of roots and stems of any of these, the amount being 
so small, but where nodules preponderate as in the case of dhaincha 
there is a slight tendency to larger amounts of nitrates accumu- 
lating. 

The results so far obtained clearly show that during the first 
two months of the burial of the green manure, up to which period 
only results of experiments are available at the time of writing, 
it is the leaves that are nitrified in the soil, the stems and roots, if 
anything, inhibiting the nitrate formation or destroying the nitrates 
formed from leaves, and hence the accumulation of nitrates in the 
first two months after green-manuring is due to leaves of the plant 
and not to stems and roots, and, in our opinion, the beneficial effect 
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of green-manuring on the succeeding crop is to be chiefly attributed 
to the nitrates derived principally from the nitrogenous material 
of the leaves of the green mamire crop. The quicker rate of nitrifi- 
cation of the nitrogen in leaves and the non-nitrifiability observed 
in the case of the nitrogenous, material in roots and stems 
further suggests that the beneficial effect which is observed in 
the cereal crop after a leguminous one as compared with the 
cereal after a cereal, is also due principally to the nitrogen 
derived from leaves which are seen fallen on the land carrying a 
leguminous crop ; only a small part of it can be attributed to root 
residues. 

Besides the benefit derived from the accumulated nitrates 
by the crop directly following the green manure, sometimes a 
residual beneficial effect of the green manure is observed on a 
second crop following in close succession to the first one after 
green-manuring. This beneficial effect derived by the second crop 
cannot be reasonably ascribed to nitrates previously accumulated, 
since the nitrates so accumulated are already used up by the first crop 
directly following the green manure, and there is nothing left of the 
green manure in the soil except the undecomposed portion of stems 
and roots. We have now to account for the residual effect, which is 
many times observed, as well as that part of the effect of residues 
in the form of roots of the leguminous crops (apart from that due 
to the fall of leaves) which is found to benefit the succeeding cereal 
crop, and we have also to see why the roots and stems are not 
favourable to nitrate accumulation. These effects may be accounted 
for in various ways. In order to examine the questions comprehen- 
sively, let us see what is likely to happen to the organic material 
when incorporated in the soil. The process is likely to give rise to a 
number of changes, any one of which may dominate the rest, depend- 
ing on the air, water-supply, temperature and the reaction of the 
soil itself and, as we have seen, ammonification and subsequently 
nitrification predominates in the first instance at least for eight weeks 
when the major portion of the nitrates are formed and subsequently 
removed by the succeeding crops. There are still left in the soil a 
residual nitrogenous material not nitrified as yet, and such other 

3 
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structures as cellulose and woody tissues which resist for a long time 
the action of the soil flora. The possibilities of further action 
are : 

(1) The residual nitrogen, i.e., the un-nitrified nitrogen is likely 
to be slowly nitrified until finally all the nitrogen is accounted for ; 
in other words a steady but slow continuation of the nitrification 
process. 

(2) The soil being depleted of its large quantities of nitrates, 
nitrogen-fixing bacteria, e.g., Azotobacter Chroococcwm and Clostri- 
dium Pastorianus and others, are likely to come in action using this 
cellulose and other soluble carbohydrates that may still be left. 
The nitrogen accumulated in this way is likely to be nitrified again 
and prove beneficial to the succeeding crop. Thus the plant residues 
are likely to prove an indirect source of nitrogen. 

(3) If the nitrates formed by the above two processes remain 
unutilized by a long interval elapsing between the subsequent 
introduction of another crop they are likely to be assimilated by 
certain organisms by converting them into bacterial proteins, the 
necessary conditions being easily decomposable organic matter, 
e.g., carbohydrates and air. 

(4) If by chance the air supply be cut off by water-logging 
or some such accident the nitrates are likely to be decomposed 
into either of the following ; nitrites, or any of the gases, ammonia, 
nitrogen, nitrous or nitric oxide. 

Of these processes the last is the most harmful and depends 
upon the cutting of air supply which we need not assume for a 
normal well drained arable soil. Nitrate assimilation is not so 
harmful as the disappearance of nitrates in this case is only temporarv t 
the bacterial proteins formed by bacteria are likely to be nitrified 
again. Of the first two suppositions the second has been studied 
at Rothamsted and the results published in a paper “ Effect of 
Plant Residues on Nitrogen Fixation ” contributed by Hutchinson 
in a recent number of the JourncU of AgriatMurd Science (Vol. IX, 
No. 1). 

A short summary of the conclusions arrived at by the author 
may be useful in this connection and is therefore given ; 
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“ The nitrogen content of sand or soil may be appreciably 
increased by the activity of Azotobacter when some suitable source 
of energy is supplied. Sugar and starch are suitable for this purpose 
but distinct gains of nitrogen have also been obtained by the use of 
plant residues. Distinct gains of crop resulted from the application 
of carbonaceous compounds under favourable soil conditions. In 
addition to the supply of some source of energy, a suitable tempera- 
ture, the presence of phosphate, and a supply of basic material, such 
as calcium carbonate, are necessary for the successful operation of 
nitrogen fixation process. 

“ Even under the most favourable circumstances for nitrogen 
fixation, there occurs a period during which adverse processes 
come into play, and it is not advisable that a crop be introduced 
before these have run to completion.” 

These conclusions are based on longer experience and tlierefore 
on a firmer basis. Our experiments though not yet completed 
confirm the conclusion that nitrogen is fixed in soil and in sand with 
either glucose, sugar or filter paper as the source of energy. We 
have however found that the nitrogen fixed in this way does not 
nitrify within four weeks, i.e., no increase in the amount of nitrates 
already present in the soil is obtained within four weeks. It is 
under observation whether the nitrogen fixed by the bacteria will be 
nitrified afterwards and also when it may become available. We 
have further observed in pot experiments that part of the nitrogen 
fixed by the nitrogen-fixing bacteria with glucose as the source of 
energy is in a form capable of being absorbed by plants without the 
intervention of nitrifying bacteria. 

Although it may be taken as definitely proved, therefore, that 
nitrogen fixation occurs with green manure residues in the soil, it 
is worth while to examine the cause of the slow nitrifiability 
of the un-nitrified nitrogenous material as this is likely to throw 
some light on the non-nitrification of nitrogen in stems and roots. 
The constitution of the nitrogenous material in question may be 
assigned as the probable reason of this slow nitrification, each 
kind of nitrogenous material being assumed to have a different 
nitrifiability. 
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Some experiments were, therefore, undertaken on different 
kinds of nitrogenous materials. The evidence obtained so far 
does not support the idea of difference in nitrifiability, as none 
of the substances tested showed any variation from one another 
in this respect, and unless some substance showing a different 
nitrifiability is actually found any explanation based on this possibi- 
lity will be imsupported. Attention was, therefore, next directed 
to find out whether the non-nitrogenous material in the undecom- 
posed tissue has any influence on nitrification as this undecomposed 
tissue which does not nitrify quickly is largely composed of cellulose 
and woody tissue, and as stems and roots which do not nitrify also 
contain a greater proportion of cellulose and lignin than the more 
easily nitrified leaves, we proposed to ascertain what effect some of 
the non-nitrogenous materials have on nitrification. Experiments 
are still in progress. It may be added that this question is rather 
important from a biological point of view, as although much work 
has already been done on the subject by othera, yet sometimes 
definite information is found wanting. Among other substances 
dealt with, sugar, starch, filter paper, cellulose, straw, sawdust, 
resin and gums were experimented with. Some of these are likely 
to be present in succulent tissue, others in the more woody portion. 
The results obtained so far indicate that when each of these 
substances is separately added with either ammonium sulphate or 
oilcake as the nitrifying material to Pusa soil, accumulation of 
nitrates is effectively checked as compared with the controls. 

It is inferred from this that destruction of nitrates takes place 
in the presence of these substances. To this destruction of nitrates 
is probably due the adverse effect on plant growth produced by the 
application of sugar, starch and hay dust in the Rothamsted experi- 
ments when a minimum of interval elapsed between the application 
of these substances and the sowing of the crop. 

It is clear from the above experiments that the failure of green 
manure to nitrify as in the case of tamarind {Tarmrindm indica) 
or parts of green manure such as stems and roots in all the four 
kinds of green manures experimented with may occur under optimum 
conditions of moisture and temperature and rate of application. 
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Of the different parts of green manure, leaves nitrify quickly 
while roots and stems practically do not show any nitrification. 

Hence it follows (a) that most of the immediate effect of green 
manures is due to the nitrogen contained in the leaves being quickly 
nitrified, and also (h) that the effect of a leguminous crop on the 
succeeding cereal crop is due mostly to the fall of leaves from the 
leguminous crop. 

The failure to nitrify so far as ascertained does not depend 
on the nature of the nitrogenous materials. It is probably due to 
nitrate reduction occurring in presence of great quantities of non- 
nitrogenous materials such as cellulose and woody tissue. Whether 
it is possible to avoid these failures by eliminating the effect of these 
constituents or these constituents themselves which adversely affect 
greater fertility by inhibiting nitrification is a .subject for further 
enquiry; but it should be borne in mind that this cellulose and 
woody tissue is very likely to serve as a source of energy to nitrogen- 
fixing bacteria such as Azotobacter and thus ultimately prove an 
indirect source of nitrogen, and to the nitrogen fixed in this way 
the residual effect of green-manuring and the effect of root residues 
of the leguminous crop on the 8uc(;ecding cereal may possibly be 
ascribed. 

The paper was followed by a good discussion, the substance 
of which is given below : — 

Dr. Gilbert J. Fowler.— In my view the author is really 
measuring in his experiments the resultant of a number of reactions. 
It is well known that under aerobic conditions the only method by 
which cellulose is broken down otherwise than by the action of 
certain moulds, etc., is by the reduction of nitrates. The rapidity 
of this denitrification would depend, as the author’s experiments 
indicated, on the character of the cellulose present. With a resist- 
ant form of cellulose, e.g., the skeleton of leaves, the nitrate formed 
by oxidation of organic nitrogen might be absorbed by the plant 
before denitrification could take place. With less resistant cel- 
luloses the reverse might be the case. It is worthy of suggestion 
whether some form of silage of green manures under controlled 
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conditions, preliminary to their application to the soil, may not tend 
to nitrogen economy. Jt may also be pointed out that while the 
presence of carbohydrate material is favourable to denitrification, 
it facilitates nitrogen fixation. 

All these factors have to be separately considered and, if possible, 
separately studied. 

Mr. B. C. Burt. — Some results obtained with leguminous 
crops grown on drain-gauges at Cawnpore suggested that it might 
often happen that the effect of the roots of green cTops was out of 
all proportion to the amount of nitrifiaWe matter that they left 
in the soil. In these experiments, one gauge carried a crop of 
sann-hemp {Crotalaria juncea) during the monsoon, which was 
removed green in September and followed by wheat in October, 
the (control gauge was fallow in the rains and carried a wheat crop 
in the cold weather. i\Jthough the addition of organic matter was 
small, the accumulation of nitrogen in the sann-hemp gauge was 
most marked. The conditions were admittedly artificial owing 
to the fact that the false bottoms of the gauges provided for under- 
aeration as well as ensuring drainage, but the results were suggestive 
and experiments under field conditions were now in progress. 

In respect to green -manuring 1 deprecate too much limiting of 
attention to the amount of nitrogen added to the soil by means 
of green manures. Experience at Cawnpore suggested that the 
effect of the green manures on the physical texture of the soil was 
of the greatest inipoitance, whilst, on the other hand, unless drainage 
and aeration and soil texture generally were right within fairly 
definite limits, green-manuring was frequently not successful. 

Mr. R. D. Anstead. In considering any work on this subject 
it is always difficult to correctly interpret the results obtained. 
There are so many factors, some pulling one way and some another — 
chemical factors, biological factors, cJiinatic factors, physical factors, 
each having some effect- — that it is difficult to grasp what any parti- 
cular result really means. During this Congress we have also been 
told of colloidal factors, and now we have a possible inhibiting factor. 
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It seems to me that what is needed is an attempt to determine 
the critical factors of what must be a complicated reaction or 
series of reactions and to isolate these, if possible, and determine 
the effect of each. Only then shall we able to rightly interpret 
results. 

The work which I have been doing for many years leads me to 
believe that we are apt to bow down too much to the fetish of 
leguminous green dressings. 1 find that plants which are non-legu- 
minous, other things being equal, are very often just as good and 
give quite as good results in rich soils so that it is not entirely the 
nitrogen content which has to be considered. The great value of the 
leguminous plant lies in the fact that it can often be grown suc- 
cessfully as a cover crop on a soil poor in organic matter to begin with 
where in fact it is badly needed, for exaniple on laterite. By n\eans 
of the bacteria-containing nodules it is able to obtain the nitrogen 
it requires for its growth from the air. But it must be remem- 
bered that there is a great deal of evidence to show that in rich 
organic soils the leguminous plant does not develop large quan- 
tities of nodules, being able to do without the help of the bacteria 
and to get sufficient nitrogen in the ordinary way. On such 
soils it comes down to the level of the non-leguminous plant, 
and this is another factor to be taken into (consideration in this 
work. 

A great deal more work remains to be done before any definite 
pronouncement can be made with safety as to what does or does 
not happen when organic manures in the form of green dressings 
are nitrified in any particular type of soil, and 1 feel that this work 
should aim at discussing the critical factors and their individual 
effect. 

The whole subject is one which might with advantage be taken 
up and discussed at the sectional meeting of agricultural chemists 
such as that to be held shortly at Pusa. Such a meeting might 
endeavour to collect and summarize the literature on the subject 
and the work which has already been done, and make defimte 
proposals as to the lines on which such work might be continued 
in the future with the special points to be solved. 
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Dr. R. N. Norris. — At present, in the study of the decomposi- 
tion of green manures and other organic manures, there is a tendency 
to limit attention to the nitrification stage which is after all only 
the end stage of a considerable number of reactions. I think far 
more work is needed on the preliminary decompositions involved 
with a view to ascertaining the nature of the intermediate products 
and the influence of these on fertility, e.g., humus production, 
solvent action on mineral matters in the soil, etc. 

In Madras, where the chief use of green manures is in connection 
with paddy, the nitrification stage does not occur, as the ferment- 
ation takes place under anaerobic conditions. As Harrison and 
Subramania Aiyer have shown, the influence here is an indirect one 
largely resulting from the carbohydrate fermentation, the products 
of which lead ultimately to the aeration of the crop. Hence, work 
should not be restricted to the nitrogen cycle only as the carbo- 
hydrate fermentation may be of equal importance. 

What I advocate, therefore, is a systematic bio-chemical study 
of the fermentation of organic manures by soil bacteria carried out, 
as far as possible, in a qmntitative manner and under such varying 
conditions as may obtain in the soil. 

Mr. Joshi replied : — As it would take too long to give a reply 
in detail to all the questions raised in the discussion I shall refer 
to only a few. Although a great number of changes are bound to 
occur on the addition of green manure to the soil, 1 have chosen 
nitric nitrogen to represent the difference in decomposition of 
green manures because addition of nitrogen is one of the important 
factors involved in green-manuring and nitrates are the end products 
of a number of changes in the nitrogenous material so added, and 
also because nitrates, if accumulated in the soil, are likely to have a 
great influence on the crop immediately succeeding the green manure. 
As pointed out in my paper, it is not so much the nature of the 
nitrogenous material that influences the accumulation of nitrates 
but the presence of carbohydrates, and, I think, it is the quantity 
of substances like cellulose, lignin, sugars and resin rather than their 
quality which so affects the ultimate result. 
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So long as different green manures give rise to different amounts 
of nitrates, it is not of material importance whether we say that 
green manures are differently nitrified, or that green manures act 
as so many sorts of catalytic agents for the nitrification of the inert 
nitrogen of the soil, as Dr. Mann suggests. In the end, 1 may 
say that I have not altogether lost sight of the other questions 
raised. Experiments are already in progress to solve some of them 
and others will receive due attention. 

As regards two other points raised by Dr. Fowler, I may add 
that I have already referred in ray paper to the question of nitrogen 
fixation by the carbohydrates which adversely affect nitrate 
accumulation. The question of “ silaging ” of green manures has 
already been worked out and a modified method of green-manuring 
has been recommended by Mr. Hutchinson in the Pusa Research 
Institvie Bulletin No. OS. 
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I. Introduction. 

The availability of various manures is a very important 
problem, as all plants depend upon available food material for their 
nutrition. Necessary food material will be available only when it is 
soluble in soil water and thus capable of assimilation by the plants. 

In former days when methods of soil bacteriology had not 
developed, the valuation of organic nitrogenous manures was based 
mostly on the percentage of nitrogen found by chemical analysis. 
But just as the nutritive value of various feeding stuffs depends 
more on their available constituents than the total, so also the real 
value of an organic nitrogenous manure depends more on its avail- 
able nitrogen than the total amount shown by analysis. It may 
also be possible (as in the case of feeding stuffs) that a particular 
kind of organic manure, though found to be valuable to a particular 
class of soil, may have an entirely different value when applied to a 
soil of another type. We shall now consider how the availability 
of various manures can be estimated by biological methods. 

It may be admitted that organic manures, when added to the 
soil, have to undergo physical, chemical and biological changes 

( 414 ) 
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before they reach the plants, and that the last of these changes 
is probably the most important. Although there are various 
biological changes to which organic matter is subjected in the 
soil, the most important is the decomposition of nitrogenous 
substances. Formation of nitrates is the ultimate end product of 
this biological process. It is for this reason that we have chosen 
nitrifiability as a measure of the availability of organic nitrogenous 
manures. 

Lipman and Burges^ have also emphasized the value of nitri- 
fiability as a standard for comparing organic manures. The method, 
therefore, which is adopted here to determine the availability of 
various manures is based chiefly on the deternrination of nitrites 
and nitrates formed in the soil at different periods after the addition 
of the manure to the soil. 

'I'he value and necessity of such investigations into the relative 
availability of various organic manures has been realized by many, 
and it has also been suggested by Hutchinson^ that this and other 
sinxilar lines of woi'k should be undertaken by agricultural bacterio- 
logists. Having given a l)rief outline of the subject, we shall now 
turn to the experimental side. 

11. Experimental. 


The different organic manures employed in this experiment, 
with their respective organic and nitrate nitrogen percentages, 
were as follows : — 


Number 

.. . 

Name 

j 

Total 

N 

Nitrate 

N% 

1 

1 

Karan ja cake (Pongamia glabra) . . . . » 

438 

nil 

2 

Mahua eiik© {Bassia loti folia) . . . . . . i 

2-50 


3 

(/astor cake (Hicinus communis) . . . . . . i 

3-90 


4 

Sarson cake (Brassica mipus) . . . . . . 

4*72 


r> 

Tili cake {Sesamum ifidicum) . . . . . . 

6-22 


() 

Undecorticated cotton cake . . . . . . j 

5*33 j 


7 

i 

Till cake (oil free)* . . . . . . . . : 

1 

6*71 1 


♦ This cake was employed simply for the sake of comparison. 

used by the cultivators. 

It is not 

commonly 


^ CaL Agric, JSxpL Station, Bull. 260. 

^ Metnoirn, IkpL Agric, India, Bacteriological Series, vol. 1, no. 1. 
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Sufficient care was taken to use as far as possible materials of 
approximately the same size by passing the finely ground material 
through a 1 mm. sieve. Instead of adding a definite and uniform 
quantity of nitrogen to the soil, a fixed quantity of manure, namely, 
one per cent, of the weight of the soil, was employed. Had this 
procedure not been adopted, the quantities of manures employed 
in the various cases would have been very widely different owing to 
the varying percentages of nitrogen, thus probably interfering with 
the soil texture and consequently with nitrification. 

The soil employed for this experiment was from the Nagpur 
Agricultural College Farm. This soil is the common type of ordinary 
black cotton soil as found over large areas in the Central Provinces 
and Berar and many parts of the Deccan. Its nature will be seen 


from the following physical analysis : — 

Per ceni 

Clay 

45*62 

Fine silt 

. . 21*82 

SUt 

10*79 

Fine sand 

4*23 

Coarse sand 

6*04 

Moisture 

. . 6*37 

Loss^on ignition 

5*68 

Calcium carbonate 

0*10 

Total 

100*65 


The soil was sampled in the usual way, and the portion which 
passed through 1 mm. sieve was used in the experiment. 

In the first place determinations of initial moisture, nitrites, 
nitrates, etc., in the soil were made, the results of which are as 
follows : — 


Initial moisture 
Saturation capacity 


Initial ammonia 
„ nitrates . . 

„ nitrites . . 

„ nitrogen 


Percentages on dry soil 
IM 

66*0 (as determined by a 
soil layer of 1 cm. 
depth) 
nil 

Slight traoet 
nil 

0 *038 


Mdhod of 'procedure. Soil representing 500 grm. of dry soil 
was mixed thoroughly with 5 grm. of the manure to be tested, 
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and sufficient water (about 30 per cent.) was added to bring the 
soil to the optimum moisture conditions required, i.e., approxi- 
mately half saturation capacity, allowance being made for the 
moisture originally contained in the soil. Any loss of moisture 
due to evaporation was made up every week if found to be more 
than 1 per cent, of the soil weight. The soil was well mixed up and 
put into glass jars with tin covers and incubated for a period of 8 
weeks at room temperature. As these experiments were carried 
out during the months of August and September, the room tempera- 
ture was not generally much lower than 30°C. during daytime- 
Amounts of ammonia, nitrites and nitrates were determined fort- 
nightly, and only ammonia at the end of the first week. For estimat- 
ing nitrites, nitrates, etc., soil equal to 100 grm. dry soil was taken 
out and occasionally shaken with water for half an hour. 100 grm. 
of soil to 300 c.c. of water were taken, allowance being made for 
the water already in the moist soil. 'I'he whole soil emulsion was 
then measured, and half of it was filtered through ordinary filter 
paper, while the remaining half was used for the estimation of 
ammonia. 

In the filtrate nitrites were estimated by the Griess Ilosvay 
method, and the nitrates by the phenol-di-sulphonic acid method. 
Colours in both the cases were matched in a standardized Lovibond’s 
tintometer. 

For estimation of ammonia, half the soil emulsion was acidulated 
with hydrochloric acid and left overnight. After the soil had settled 
down completely, aliquot quantities of the supernatant liquid were 
distilled with freshly ignited magnesia, and the ammonia was esti- 
mated by the usual titration method, N-10 acid and alkali being 
employed for the titration. 

The amounts of ammonia, nitrite and nitrate, as determined 
by the above-mentioned methods, are given in the table on 
the next page. 



Table showing amounts oj nitrogen in milligrams in the form of ammonia, nitrites and nitrates, 

pet 100 grm. of dry soil. 
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Various facts can be ascertained from the foregoing table, 
and the results can therefore be individually examined for each 
manure separately. 

Karanja cake. This cake appears to be very susceptible to 
nitrification. Two important features are noticeable about this 
manure — one is the absence of such high concentrations of ammonia 
in the soil as are found with cotton and till cake ; and the other 
is the rapid formation of nitrates which is not experienced in any 
of the other manures except cotton cake. In this case as much as 
36 per cent, of the nitrogen is converted into the form of nitrates 
by the end of fourth week as against 16 per cent, with castor and 
tili cakes and 20 per cent, with sarson cake. 

Mahm cake. This cake seems to be very peculiar in that it is 
not nitrified at all even during a period of 8 weeks. The nitrogen 
in this manure appears to be resistant to the action of soil micro- 
organisms, thus totally excluding makm cake from consideration 
as an active organic manure. Ammoniacal decomposition also 
seems to be tardy in operation in this case, and it amounts to practi- 
cally nothing even after a period of 8 weeks. In order to further 
elucidate this problem of ammoniacal decomposition, a special 
experiment was conducted as follows : — 

A quantity of mahua cake, containing 60 milligramms nitrogen, 
was added to a solution of sodium chloride before or after the various 
treatments as detailed below, and the whole was then sterilized. 
The mixture was then inoculated with 1 grm. of black cotton soil 
and incubated for a period of 8 days. Afterwards the amount of 
ammonia formed was determined by the usual magnesia method. 
In order to compare the results of this experiment, another set of 
solutions containing tUi cake instead of mahm cake was employed. 
The treatment of the cake was as follows : — 

L Mahm cake (containing 60 mg. N), plus 100 c.c. 0 5 
per cent, sodium chloride solution, plus 1 grm. black cotton soil 
(incubated without any treatment). 

2. Mahm cake as above, but heated up to 120°C. dry heat 
in a sterile flask, plus 100 c.c. sterile 0*6 per cent, sodium chloride 
solution added afterwards, plus 1 grm. black cotton soil. 
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3. Mahm cake plus 100 c.c. 0'6 per cent, sodium chloride 
solution (both sterilized at 130°C. moist heat for 15 minutes) and 
then inoculated with 1 grm. black cotton soil. 

The amounts of ammonia formed after a period of 8 days out of 
60 mg. nitrogen originally contained in the material were as 
follows : — 

Mahua cake TUi cake 

1. 0*07 mpf. 25*90 raij, 

2. 0*42 29*40 „ 

3. 0*42 30*10 

From the above experiment, it is seen that the ammonification 
of mahua cake does not take place at all quickty, and at the same 
time artificial treatment, such as dry and moist heat, does not help 
it in any way. Hence nitrification appears to be impossible within 
a period of at least 8 weeks. Whether it is nitrified at all or not 
after a very long period is not yet ascertained, but, as a manure, 
mahm cake cannot be classed with the other commonly occurring 
cakes. 

Why this material should not readily decompose in the soil, and 
what treatment is possible to bring it into a suitable form for quick 
bacterial action, are problems under investigation. 

Castor cake. This cake appears to be as quickly decomposing 
a manure as karanja cake, although in the beginning a lower percent- 
age of nitrates was found. 

Sarson cake. This cake seems to be the slowest in decomposi- 
tion of all except mahua, at least so far as its nitrifiability in black 
cotton soil is a guide. 

Tili cake. This is more or less on the same level as karanja, 
castor and cotton cakes as regards the total percentage of nitrogen 
nitrified, but it is not as rapidly nitrifiable as karanja and cotton 
cakes. Accumulation of ammonia seems to be higher during the 
first 4 weeks in this case than with karanja and cotton cakes. 

Cotton cake. This seems to be more or less similar to ka/ranja 
cake in every respect. 

Tili cake {oU-free). Considering the tot»l percentage of 
nitrogen nitrified, this cake is the best of all. High concentration of 
ammonia and nitrites, however, takes place with oil-free tiU cake to a 
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greater extent than with the other manures under investigation. 
The total quantity of nitrogen nitrified goes as high as 79 per cent, 
as against 0 to 67 per cent, in other cases. The fact that the removal 
of oil from oilcake increases the rate of nitrification has been observed 
on other occavsions also. Whether the costly process of removing 
oil from oilcakes would in the long run be economical merely from a 
manurial point of view is doubtful, particularly when it is considered 
that cakes from hydraulic presses do not contain sufficient oil to 
seriously retard decomposition. Machine-pressed cakes for manu- 
rial purposes will, however, be distinctl}'^ more advantageous than 
those obtained from a country (fhani (mill), as the oil is far more 
completely removed in the case of the former. 

111. Summary. 

1. The relative availabilities of the common oilcakes used 
as manure have been determined by considering the rate at which 
the nitrogen they contain undergoes bacterial transformation. 

2. The soil used in the experiments was the common black 
cotton soil of the Deccan. 

3. Excluding oil-free tili cake, karanja and cotton cakes 
appear to be by far the most quickly available, and castor cake 
is not much inferior to them. 

4. Tili cake is not quite so active, although the nitrogen 
ultimately nitrified compares favourably with that of other cakes. 

5. Of the various manures used in this experiment, with the 
exception of mahua cake, sarson cake is the slowest so far as its 
nitrifiability in black cotton soil is concerned. 

6. The nitrogen in tnahtia cake is neither ammonified nor 
nitrified to any appreciable extent during a period of 8 weeks. 
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A STUDY OF THE CONDITIONS UNDER WHICH 
WATER OF TIDAL SALINE CREEKS IS 
UTILIZED FOR CROP PRODUCTION 
IN KONKAN. 


BY 

V. «. GOKHALE, L. Ao., 

Deputy Director of Agriculture, Konkan Diirixiov, Ratuagiri. 


A PRACTICE of using waters of the saline river creeks for growing 
some of the commonly cultivated crops has come to the notice of the 
writer in Konkan. 

With a view to clearly understand the conditions under which 
this is done, and thus to find out the possibilities for the extension 
of the practice, a detailed study of the question was taken up. 
The results which the enquiry has led to are of some scientific 
interest, since they seem to take us some way further in our existing 
knowledge about the resistance of agricultural plants to the salinity 
in the water they have to live on ; besides, a good scope is also 
indicated for the extension of the practice to newer areas, where 
it is not known at present, but where the conditions may be found 
suitable. The object of this paper is to record the information 
which has been collected and the findings which have been arrived 
at on the subject. 

The practice attracted my attention first early in the year 
1916, when I was touring along the Savitri river creek (Bankot- 
Mahad creek in the Kolaba District of the Konkan), where success- 
ful crops of brinjal (Solnnvm melongena) were seen growing with the 
exclusive help of the water from the section of tl»e creek between 

( 422 ) 
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Dasgaon and Mahad, i.e., about 20 miles higher up in tlie interior 
from the mouth of the river where it joins the Arabian 8ea. Enquir- 
ies — agricultural, chemical and geographical -have sim-e been in 
progress, and it has been possible to-day to fairly define the condi- 
tions under which the practice of growing some crops with the help 
of the saline water is followed. 

JJkSCRIPTION of the TH.\(.’T under observation in RESPE(!T 
TO ITS CREEKS AND CREEK SIDES. 

Before describitig the (‘onditions in detail, it would be desirable 
to briefly summarize the physical features of the area under enquiry, 
especially in relation to its rivers and (Tceks. 'I'he study of the 
question has so far been confined to Konkan, i.e., that part of the 
Bombay Presidency stretching along between tlie west coast of the 
.\rabian Sea and the Western Ghats, and comprising of the four 
districts of Thana, Kolaba, Ratnagiri, and Kanara (excluding the up- 
ghat portion). It receives heavy storms of rain measuring 1 00 inches 
or more in a very short period of four mo?iths of June to September. 
It is hilly and much traversed by rivers of more or less size, which, 
rising in the Ghats, take their course more or less westwards across 
the breadth until they join the Arabian Sea, by short drainage 
channels which form the tributaries of the large rivers and by 
backwater channels. The water from the sea rises back in thestf 
water lines at high tides to more or less distances according to the 
length and the fall of the courses, in large rivers going as back as 
25 to 35 miles from the sea ; abo\ e this point they are sweet water 
streams, which greatly diminish in their size, in some cases almost 
to nil, as the fair season advances. For about 15 to 20 miles from 
their mouths the creeks wind between low-lying plains on either 
side, which are permanent marshes or reclaimed salt rice lands, in 
the comparatively flat and open country of the Thana, Kolaba and 
Kanara districts, or between deep gorges formed by the slopes 
of narrow valleys of the Ratnagiri District. Higher up, towards 
the high tide water limit and above, however, their courses in 
both cases lie between steep banks five to ten feet or more above 
the water-level, which stretch more or less wide and flat, or gently 
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sloping if at all away from the bank ; these belts of upland get 
submerged at high floods of the river during the rainy season 
and receive deposits of fine silt ; these are called malkhandis {mal 
silt, khand piece), and are usually deep, fertile and retentive of 
moisture and grow fine dry crops of tur {Cajanm indicus) and sesa- 
mum {Sesamum indicum.) in the rahi (winter) season ; on sufficiently 
high banks which are less liable to submersion, even kharif crops 
like nagli {Elemine coracana), vari {Panicum miliaceum), and niger 
seed (Guizotia abyssinica) are grown. 

Factors determining the successful growth of 

CERTAIN CROPS WITH SALINE WATERS. 

Degree of salinity which the crops cultivated can icithstand. 
Now, coming to the describing of the determining factors, the 
first that may be considered is the degree of salinity of the water 
which is actually being successfully used for the growing of certain 
crops. It is the common belief that the waters of the creeks, as 
described above, are quite sweet up to within a few miles to the sea, 
during the monsoon, owing to the very large volumes of sweet water 
from the characteristic heavy rains of Konkan flowing into them, 
and after the monsoon they acquire more and more salinity in stages 
as the fair season advances and as the volume of sweet water dimi- 
nishes, until at last they are considered to be quite unfit by about the 
middle or the end of February. The character of the past rainy 
season is believed to advance or retard the acquisition of salinity ; 
thus a year of deficient rainfall as the current (1918) year, or even 
too early cessation of rain is asserted to bring on salinity earlier. 
In order to verify this belief and to measure it in definite terms, 
samples of waters taken at the time of each watering that was given 
to a crop of brinjal {Solanum melongena) throughout its growing 
period from the creek of the river Amba near Nagothna (Kolaba 
District) were analysed for their salt contents through the kindness 
of Dr. H. H. Mann, Agricultural Chemist to the Government of 
Bombay ; the results are set out in the following table 
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It will he seen tliat the. above analytical results are sufficient 
to bear out the popular belief and clearly establisli that up to the 
end of December creek waters from the sections where they were 
taken, i.e., about 27 miles away from the sea and about 7 miles 
lower than the highest limit of tide water, are tolerably sweet and 
fit to sustain crop growth, and that after that time they get more 
saline and remain so for two months, while by the end of February 
the salinity suddenly increases to as mxxch as about three-foxirths 
of the salinity of the average sea-water. Axxother noteworthy 
point tJiat can be deduced is that the salinity from the nxiddlc of 
•lanuary onwards is nxore than the linxit which might be ordinarily 
considered as the strongest that ordinary crops or even rice, the 
most resistant of the crops known, were so long known to with- 
stand. The enquiry, however, reveals that certain crops as are at 
present cxxltivated can. as is actually the case, withstand evet> larger 
degrees of salinity. 

Next, in order to find out how far and under what physical or 
other conditions and circtnixstanccs similar practix^es do or do not 
obtain oxx creeks of the four Konkan districts, some typical and 
important creeks representative of each of the four districts were 
surveyed. In the Thana and Kanara districtk the practice is 
unknown ; the reason given is the ignorance of how such a thing 
cxmld be possible. In the Kolaba District, on the lievdanda-lloha 
creek, the cultivators do tmt take any crops, though they know the 
fact that their neigh boxxrs at Nagothna on the Dharamtar creek do 
use the saline water for raising certtxiix crops. But on the renuiining 
important creeks of the Kolaba District, and almost all the big 
creeks of the Ratnagiri District, the practice appears to be generally 
known and in vogue in particular sections of the creeks as described 
hereafter. 

Parts of the creek which are considered and found suitable. 
The distance from the sea to which the high tide reaches on large 
creeks in Konkan is generally 25 to 35 miles as has already been 
said above. It was uniformly observeii on all creeks that using 
of the saline water for crop production is generally confined to the 
large creeks and its tributaries, and to such sections on them as lie 
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within the last 8 or 10 miles of the tidal limit alotig which there are 
banks, with deep, well-drained soils, and high enough as not to be 
submerged by tidal waters, but not too higli (up to about 10 feet) to 
make water lifting prohibitively costly. 

The reasons for the absence of any similar cultivation of crops 
with saline waters along the lower parts of the creeks are stated 
to be two : — The first and the most common and likely is that the 
waters in the lower sections as the sea is approached get more and 
more saline and that too earlier than at the sweet water ends. 
Secondly, along the low-lying creek side plains of Thana and Kolaba 
creeks, there are no suitable lands close by the waters, on account 
of their being either marshes or reclaimed salt rice lands which are 
believed to be containing already an excess quantity of salt. Along 
the creeks in the Ratnagiri District, however, the second condition 
does not prevail, the hill slopes edging the creek waters and affording 
at least some good land fit for cultivation ; but even here no saline 
water cultivation is thought of. 

Both these points require further investigation by actual 
analyses and trials. 

Crop found .suitahle. Brinjal (Solanum melongena) is by far 
the commonest crop which is cultivated under the above conditions. 

( ■billies {Capsicum fridescens) is the next one in importance, not 
being however considered as resistant to salt as brinjal ; castor 
{Riciniui communis), sweet potatoes {Ipomea l>atatas) and maize 
(Zea Mays) sometimes are seen to occupy the borders, odd corners 
or as a sprinkling in the main crops of brinjals and chillies. There 
are no special varieties of these which are recognized as particularly 
suitable for cultivation on saline water. In Kanara District, a 
solitary instance of the creek water being used for irrigating young 
coconut seedlings in the months of April and May without any 
apparent harm to them was noticed at Hedge in the Kumta taluka. 

Method of cultivation. Sites having suitable soil and level 
fields at points where they would be edging the water of the creek 
and the lift would be small are usually selected for cultivation, so 
that the lift and lead of the water would be as little as possible. 
In October, after the monsoon rains cease, the soil is broken up 
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by a plough and further pulverized by the breaking of clods with 
mallets, and is thus thoroughly prepared to a depth of 6 to 8 inches. 
If there be not enough moisture in the soil, it is wetted by pouring 
water in small patches at from 2 to 3 feet apart each way. In this 
wet soil holes 3" to 4" deep are bored with a peg or a stick, and seed- 
lings are inserted in these holes and soil pressed over. No manure 
is generally used, but occasionally those who have any farmyard 
manure to spare do give it to each plant at the time of planting ; 
some people put water mixed with fresh cattle dung in the holes 
before planting ; another dose of farmyard manure is again given 
by some if available at the time of earthing up. The crops are not, 
however, taken continuously in one and the same place for more 
than one to three years according as they are nearer to, or further 
from, the sea, as it is supposed that the soil becomes salt sick after 
that period. 

Irrigation. Irrigation is Iregun and continued as required. 
For the first week after transplanting, hand watering is done twice 
a day, after which it is done once a day for about a week more, 
and on alternate days for another week. It is considered necessary 
by practical men that the water given to the newly transplanted 
seedlings must be sweet until they take root and establish ; ordinarily 
the water in the sections of the creeks where the cultivation is 
practised, is sweet at the time of transplanting in the middle of 
ffctober, but if for any reasons it should happen otherwise, sweet 
water from some other source has to be provided. 

If the soil is fairly retentive, no water is given until the flowers 
begin to appear by the end of November as on the Vashisti river 
(Chiplun, District Ratnagiri) creek. After this some kind of water 
lift is set up and irrigation given every four to six days or more up to 
the middle of February, and thereafter for a month more at an 
interval of about a fortnight. In some cases it is also found that 
plants are watered on four consecutive days from the 10th to the 
14th of each lunar half, the reasons being that more labour is required 
from the 4th to 9th for lifting the water, which rises but very 
moderately on these days, and on the 15th, 1st, and 2nd there is 
more salinity in the water. 
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After this, the creek water getting too saline, watering is stopped 
and the plants are allowed to grow on residual soil moisture, on 
which they thrive and continue to bear till the end of the hot weather ; 
cases have also been noticed where brinjal plants, after thus surviving 
through the hot weather, take on fresh vigour on the commencement 
of the monsoon, and continue to bear until they are killed by the 
floods. 

The extent of the salinity which the creek waters acquire 
at different times of the season and at points where crops are grown 
can be seen from the statement given above. 

In the latter part of the season a distinct incrustation of salt 
is visible on the surface of the land. 

The time of irrigation is generally chosen at the high tide, when 
the level of the water in the creek naturally rises and the lift and 
the lead are thereby reduced. No difference, however, is recognized 
between the high tide and the low tide water, as regards its suitabi- 
lity or otherwise for crop growing. 

The water lift most commonly used is OhLi. the c()unterpoi.se 
bucket lift worked by hand, though on one creek in the Ratnagiri 
District Persian wheel is also usetl ; where the area to be cultivated 
is small, watering by (fharas (earthen vessels) is resorted to. 

Further care and outturns, etc. The only other care that the 
crop requires besides the above is earthing up, fencing, watering 
and harvesting. The first and the heaviest picking of fruits is 
obtained in the months of .January, February and March, yielding 
moderate pickings ; from April onwards only .small pickings are 
obtained, the fruit borne diminishing in size and contracting in the 
case of brinjals an acrid taste. The outturns are by no means less 
than those obtained under ordinary methods of cultivation with 
sweet water ; the quality is also said to be as good as that from the 
sweet water. 


Conclusions. 

Creek waters are mostly sweet during the monsoon, arc tolerably 
so till the end of December, and after that time this salinity increases 
to an extent which would have so long been considered as unfit 
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for the ordinary agricultural plants, but which it is found can safely 
be used for growing very successful crops of brinjal and chillies 
till the end of February. After this they get too saline to be used 
without harming the plants watered. 

2. According to the information which has been made avail- 
able so far, it is only in the last eight to ten miles below the point to 
which the high tide reaches that such crops can be grown. 

3. There are yet many situations in the Ratnagiri and Kolaba 
districts where the practice is already known, and in the Thana and 
Kanara districts where the practice is altogether unknown, in which 
the cultivation can be extended and introduced with great advant- 
age. The crop of chillies, which can be turned into a durable 
product, and which is an article of every-day diet of the Indians, 
presents a better scope than brinjal, which is of a perishable nature. 
Perhaps other part.s of India and those of the world where conditions 
may be suitable may benefit by the information recorded in this 
paper. 

4. It might be ascertained by analysis and actual trials if 
creek water in the lower sections cannot similarly be used for growing 
any crops. Similarly, several other agricultural plants, especially 
those which are known to be salt-resisting to some extent, might be 
experimented with, with a view to find if any new or more profitable 
crops cannot be added to the present list. This would be made a 
subject of future study. 



A PRELIMINARY NOTE ON SOME NEW FACTORS 
AFFECTING THE HARDNESS OF GIJR 
OR CRUDE SUGAR. 


nv 

T. S. SWADI, 

Sk ftvri ntende III . Gokak (■annl Farm, 


It is a matter of common knowledge that hardness in (far 
(crude sugar) is an essential factor in the successful storage of it 
through the monsoon. 

It is often pointed out that the factors affecting this hardness 
or keeping (piality arise mainly in tJie (jural (boiling) house and 
they are attributed to one or the other of the following 

(1) llipene.ss of the cane. 

(2) Milling, clarification of the juice and its boiling. 

(3) {'leanliness in the boiling house. 

(4) Lodging of the canes. 

But from observations made in the Gokak-Hukeri tract of the 
Belgaum District, I have come to the conclusion that the.se are 
not all the factors, but there are some more which are equally, 
if not more, important. 

In the tract referred to above, there has been a longstanding 
belief among cultivators that the hardness or keeping quality of gur 
is dependent on the conditions of soil and water, over and above the 
essentials in the boiling house. This idea seems to be equally 
prevalent among the merchants who store the product. By 
experience they are able to give a list of the places which are noted 
for this good quality in the (jur as well as of such localities which 
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do not produce the right kind though the details of cultivation, 
manuring and manufacture are practically the same. 

With a view to rectify the defect and to meet demands from 
cultivators, expert </?//• boilers were sent, from time to time, to these 
places, but the measure of success attained was smalL 

1 had, therefore, to investigate into the subject on a systematic 
basis. The lines on which I proceeded and the details I collected 
can best be seen from the statement attacdied (Appendix I). 

In making the tests, 1 have, as far as possible, avoided the lodged 
plots and tried to obtain uniformity in the other factors hitherto 
supposed to affect the glucose ratio and hardness, such as ripeness, 
manuring, boiling, etc. But it is interesting to note from the state- 
ment that, wherever there has been a variation in the soil or water, 
the hardness has been affected. 

In fact, grey soil and brackish water tend to make the 
giir soft and fluid. In one instance, viz., test No. 1 in the state- 
ment, brackish water from a well was used for irrigating 
the sugarcane crop and the gur turned out was soft and sweaty. 
But during the year of my enquiry, sweet water was avail- 
able during nine months and the resulting gur was of better 
quality. 

All these data, 1 think, should prove that soil and water have also 
an important l^earing on the liard formation and keeping quality 
of the gur. 

That salts enter into the composition of gur in varying 
proportions, there is clear evidence to prove from the chemical 
analysis. The salinity is distinctly marked even to the taste- 
some gur tasting very sweet, others saline. It is the salt in the 
brackish water and grey soils that must be responsible for the 
mischief. Whether it is the intrinsic hygroscopicity of the salts 
that affects the hardness or whether any change is brought about 
in the glucose ratio of the gur has yet to be studied. 

To corroborate my observations in the field, I had samples 
of gur, soil and water sent for analysis to the Agricultural Chemist, 
Poona ; his letter and the residts of analysis are quoted below 
(Appendices II, V and VI). 
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As the Ac-ting Agricultural Chemist remarks, iio doubt, a larger 
number of samples are required to come to a final decision. However 
his results of analyses of the few samples sent indicate that waters 
used for irrigation (jontained varying proportions of alkalinity which 
are paralleled in a more or less similar ratio by the composition of 
the resulting gurs as well as their hardness. 

Again, if we look into the glucose ratios of the bad, sticky samples 
analysed, they are not bad enough to make an ordijiary gur very 
soft. But, as these samples are very soft and sticky, the argument 
goes to support my observations. 

In conclusion, I must admit that there are shortcomings in my 
paper and 1 am aware of them. For instance, the Brix readings 
recorded (Appendix I) cannot be wholly reliable unless the purity 
of the juice is ascertained. But these and similar defects I could 
not help for want of a laboratory on the farm. 

It is my intention, however, to tackle the subject more soundly 
next year and to present a complete paper. 
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Statement simwing the details of information collected in connection with the 
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DIX I. 


study of the causes affecting the 
gaum District. 


keeping (piality of Gur in parts of the Huken 


Condition of the crop 
at time of harvent 


Colour of 
ptir 


Reputation for the hardneas 
or keeping; quality of gur 
in the locality 
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Standing 
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Standing 
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Standing 
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Centi- 





grade 




160 

12*2' 
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APPENDIX II. 

Analysis of water samples used for irriyatmi in the case of the Ours 

shown in Appendix III. 



Water 

Water 

Water 

i Water 


No. 

No. 

No. 

I Nos. 


1 


3 

4 and 5 

Total salts ... 

40000 

10 >00 

92 00 

These were 





lost on 

Containinfi[ 




way. 

Oalciura carbonate 

14110 

I81KI i 

26 00 


Magnesium carbonate 

9*08 

19 ‘74 ! 

2*48 


Magnesium sulphate . 


717 

12-30 


Magnesium chloride 


6*37 

20‘2.'5 


Sodium bicarbonate 

5-32 




Sodium sulphate 

‘2*44 

) 



Sodium chloride ... ... , 

4*52 

43 06 1 

7*47 



N. U. -The Serial Nos. correspond to those in Appendix III. 


APPENDIX III. 

Analysis of samples of different kinds of Gurs. 



1 Our No. 1 

1 

Our No. 2 

Our No. .3 

Our No. 4 

Our No. 5 


I Solid 
j lighter 

1 yellow 

1 

Soft and 
sticky dark 
black 

Sticky semi- 
solid dark 
to red 

Solid and 
hard 
darker 

Solid and 
hard 
darker 


1 O' 

1 /o 

<»/ 

o 

/o 

% 

0/ 

^0 

Moisture 

*Ash 

Glucose 

Sucrose 

Glucose ratio 

i 4-88 

j 108 

1 7-53 

1 77-90 

j 9-66 

6%58 

1-46 

9-<i0 

79*04 

1*214 

r*se 

1-54 

7-36 

75-18 

9*78 

.3-36 

154 

4- 73 
87.38 

5- 41 

3-88 

1 1-58 

609 
84-94 
5-99 

Alkalinity calculated as 

i 





Sodium carbonate 

Carbonate as CO.. 

Chlorine 

Equivalent to sodium chloride 

1 

ooin 1 
; 0-147 1 

; 0-084 1 

0-138 

0-042 

0171 

C‘252 

0-416 

0-063 , 

0110 I 

0-224 
0-369 ' 

nil 1 

0*100 i 
0*112 1 
0*186 

0*010 

0*183 

0*112 

0*186 


* CoDtaininf( in the water solution. 

These Nos, correspond to those in Appendices 11, IV A V. 
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APPENDIX IV. 

Statement giving the details of information about the Gur samples 
analysed in Appendix III. 


1 

Nature of soil 
on which it is 
produced 

Nature of water 
used for 
irrigation 

1 Local reputation about 

the keeping quality 

filar No. !♦ 

Medium black 

Sweet 

Hard and keeping well. 

.» No. 2* 

Grey 

Brackish 

Bad and sweating. 

No. 

»» 

Slightly brackish 

Not good. 

Hard^. heavy and keeping quality 
excellent. 

Fairly hard and keeping. 

No. 4* 

Brown red 

Very sweet 

No. 

Light grey 

»* 


* There was practically no difference either in the condition or cultivation of the crop or 
manufacture, of gur or manuring. 

The Serial Nos. correspond to those given in Appendix III. 


APPENDIX V. 


Analysis of soil samples relating to the Gurs shown in 
Appendix III. 



Soil 

No. 1 

Soil No. 2 

Soil No. .3 

Soil No. 4 

Soil No. 5 
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% 

% 

% 

% 

Total soluble salts 

Dontaining 
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1 i 

0-08 

0-08 

0-08 
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O'lOO 
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0*07 

0-08 

Calcium carbonate 

0025 

0010 

0*040 

0*0.30 

0*050 

0*040 

0*030 

0*020 1 

0*020 

0*030 

Calcium sulphate 

0 007 


... 



... 

0*013 


ICagnesium carbonate 


0*015 






0*013 


0*018 

Magnesium sulphate 

0*009 

... 

o-oio 

00^ 

0010 

0*026 

0009 

0*013 

0*020 

0010 

Magnesium chloride 

0*026 

... 
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0*009 

0*018 

0*013 

0*009 


0*010 


lodium bicarbonate 








... 

... 


iodium sulphate 

... 

00^ 

.*• 





• •a 



iodium chloride 

... 

O-Oll 
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... 

0*023 

o*dii 
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Hagnesia in other forms ... 

... 

1 

0 009 

0*005 

0*007 

... 

0*010 


... 



iir.F.— ThewINof. correspond to those Kiren in Appendix III. 


5 
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APPENDIX VI. 

Copy of D. 0. No. GAS of 17th October, 1918. 

From the Agricultural Chemist to the Government of 
Bombay, Poona, to the Superintendent, Agricultural 
Station, Gokah. 

I have been able at last to send you the figures of analysis 
of the samples of gur, soils and waters which you sent to this office 
with your letter No. 871 of June 14, 1918. 

I hope the figures will be of use to you in drawing some definite 
conclusions as to the causes which affect the keeping quality of gur. 
They must, however, be taken with due regard to such other factors 
as the condition of the crop at the time of harvest, Brix reading 
of the juice, effect of manures used and such others as indicated in 
your D. 0. 812, dated June 12, 1918. 

If we compare the figures of glucose and sucrose in all the five 
samples, we find that Nos. 4 and 5 contain the largest amount of 
sucrose and the lea.st amount of glucose and these two are solid 
and hard samples. Next to these in percentage of sucrose stands 
sample No. 2, but the percentage of glucose in it is very high and 
the sample is soft and sticky. Sample No. I contains less sucrose 
than No. 2 but at the same time the percentage of glucose 
is less and the sample is solid. Sample No. 3 contains nearly 
the same percentage of ghicose as No. 1 but the percentage 
of sucrose is very low and the gur is a semi-solid sticky 
mass. 

If we compare the soluble constituents in the ashes of the 
different gurs we find that Nos. 2 and 3 which are sticky contain the 
highest amount of alkalinity calculated as sodium carbonate. These 
two samples also contain the highest amount of chlorine. 

If we now compare the analysis of water, we find that sample 
No. 1 is decidedly better than either No. 2 or 3 both of which contain 
too much of magnesium salts and particularly chlorides. These two 
waters have been used in the case of the two sticky samples of gur, 
viz., Nos. 2 and 3. 
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As regards soils, I do not think any comparison can be made to 
show differences which are likely to affect the keeping quality of 
the different samples of gur. 

The comparisons made above apply only to the 5 samples of 
gur sent but whether they are applicable in the majority of cases is 
doubtful. 



STUDIES IN THE CHEMISTRY OP SUGARCA.NB. 


’ BY 

B. VISWANATH, 

Assistant to the Government Agricultural Chemist, Coimbatore. 


I. Introductory. 

This investigation was taken up, in the year 1914, at Dr. W. H. 
Harrison’s suggestion. 

At the Government Cane-breeding Station, Coimbatore, thousands 
of sugarcane seedlings have to be tested every year within a com- 
paratively short harvesting season, this requiring the concentrated 
attention of a number of men. If means could be devised to test 
the seedlings at a comparatively early age, say, when they are about 
eight months old, the work of chemical examination and selection 
could be spread over a greater portion of the year, thus avoiding 
abnormally high pressure of work at the ripening season. With this 
object in view, a series of preliminary experiments were instituted. 
The results of these investigations have not yet reached the stage of 
completion, but the subsidiary results so far obtained are of an 
interesting nature, and it was, therefore, thought desirable to publish 
them. 

The value of a sugarcane seedling depends, from a commercial 
point of view, mostly on its sugar content ; and to determine this, 
it is essential that its juice should be examined. The usual methods 
of analysis do not, when a cane is young, tell us what it would be 
after maturity. Moreover, these methods involve the destruction 
of the cane before the juice can be examined. It is well known 
that canes of Hie same age and belonging to the same clump vary 
within very wide limits. Such being the case, the results of analysis 
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of a young cane cannot be compared with those of an old cane 
of the same clump. To know what a young cane will be at the 
time of harvest, requires a preliminary knowledge of the life-history 
of the cane as told by itself. It thus becomes necessary to test a 
cane periodically during the various stages of its growth, and this 
resolves itself into devising a method for extracting a small quantity 
of juice from the cane sufficient for purposes of examination without 
appreciably interfering with its growth. 

n. Preliminary. 

Method of extracting juic£. 

A number of methods for extracting the juice from the sugar- 
cane were tried, and in the end the following method was found 
to be most suitable. 'I’he sharp open end of an ordinary hypodermic 
needle (a in Fig. below) was plugged with melted tin and a small 
hole was bored in the side of the needle at 6 as in the figure. 



The needle when inserted in a slightly slanting position— this 
can be easily carried out^ with a little practice— into the internode 
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of a sugarcane, ruptures the neighbouring cells during its passage, 
and the juice from these cells passes into the needle by the side hole. 
By this means about two drops of juice can be obtained. 

Injury to the cane \%hdy to occur on account of 
functurmg. 

The needle while passing through the cane, besides rupturing 
the neighbouring cells, also introduces fermentative organisms. To 
ascertain the extent of damage likely to occur on this account, a 
number of canes were punctured with a sterile needle at three or four 
places in each internode, and the holes thus made were immediately 
closed with soft paraffin. Another set of canes were punctured in 
the same way ; only the needle was not sterilized and the holes were 
not closed with paraffin. At the end of one month all the canes were 
cut longitudinally and the state of affairs noted. It was found 
that the canes covered with paraffin were practically unaffected 
except for a thin reddish streak in the region of the path of the 
needle, while, in the case of those not covered with paraffin, the 
streaks were broad, and in a few cases signs of fermentation were 
also noticed. The canes were found to be otherwise normal in 
every case. It is thus clear that this method of extraction, with 
necessary precautions, by the modified form of hypodermic needle, 
gives juice without affecting the cane to any appreciable extent. 
Additional proof of this will be found later in the com'se of this 
paper. 

Method of examining the juice. 

The quantity of juice obtained as above permits of only one 
method of examination, and that is the determination , of the index 
of refraction of the sample of juice and the deduction therefrom 
of the percentage of total solids calculated as sucrose. An extraction 
gives sufficient juice to give a clear field with the Abbe refractometer, 
the instrument used throughout this work. 

According to W. E. Cross,^ who gives a resume of the various 
opinions on the use of the refractometer, the work of Hugh Main, 

' Cross, W. £. Louisiana Tech, Bulletin Bo. Ian. 
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Tollman, and Smith and Stolle showed conclusively the absolute 
reliability of the refractometer for determining the percentage 
of sugar in solution. Much work has been done on the various 
aspects of the use of refractometer, among which may be cited 
Wiechmann’s refractometric studies,^ Pellet’s investigations,** and 
the experiments of Nowakowski and Muzyuski^ who recommended 
the use of the Abbe instrument for juices, syrups, and molasses, as 
giving results which are better than those of the picnometric method, 
and which indeed approximate very closely to those of the drying 
method. 

The scale of the Abbe instrument is graduated to three places 
of decimals, the fourth place being estimated by the eye. A maxi- 
mum error of O'OOOl in the refractive index corresponding to ±0*1 
per cent, of the dry substance may be obtained. 

The method of extraction and examination of the juice was 
as follows : — 

The cane was punctured with the needle sterilized in an ordinary 
spirit lamp flame and cooled, and the small quantity of the jtiice 
that passed into the needle was dropped on the lower half of the 
prism of the refractometer. The two halves of the prism were 
immediately closed and the scale reading and the temperature of 
observation recorded. The needle was then thoroughly washed, 
both inside and outside, with distilled water and dried ready for 
the next puncture. TJie puncture made in the cane was inunediately 
closed with a small quantity of soft paraffin. The corrected percent- 
ages of total solids on the basis of sucrose were next calculated 
from the observed scale readings. It was found that, with a 
little care and experience, successive extractions of juice from 
a single intemode of a cane gave juice of practically the same 
refractive index. That the concentration of the juice in any 
part of the internode is the same, will be seen in a subsequent 
page. 


^ OcOBB, W. E. Louiaiana Ttch, BuUUin No. 
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The refractive ibices of sitgars and eiJm salts found in sugar- 
cane juices. 

The juice of the sugarcane consists nxostly of a ruixture of 
sucrose, glucose and a small quantity of salts and other substances. 
It is important, therefore, to ascertain beforehand how these sub- 
stances interfere with the refractometric readings. To obtain 
information on these points, the refractive indices of solutions of 
pure sucrose and glucose at different concentrations were deter- 
mined. Pure sucrose (99*9 per cent.) and pure dextrose (99*6 per 
cent.) were taken, and solutions of these, varying from 1-10 per cent., 
were examined in the refractometer. 


Table I. 

Showing the refractive indices of sucrose and glucose solutions 
at va/rious corwentrations. 





SUOBOSB 


Dbxtbosb 

Strength 

Temperature of 





of 

solution 


Solids at 


Solids at 

observation 

° 0 . 

% 


at28”C. 

% 


st28°C. 

% 



n 


n 




D 


D 


1 

28 

1-3337 

MO 

1-3336 

1-00 

2 

28 

1-3360 

2-06 

1-3360 

2-06 

3 

28 

1 1-3365 

3-06 

1-3366 

3-06 

4 

28 

1-3380 

4-05 

1-3381 

4-10 

0 

28 

I 1-3396 

6-10 

1-3396 

6-06 

6 

28 

1-3410 

6-05 

1-3408 

6-90 

7 

28 

1 1-3426 

706 

1-3424 

7-00 

8 

28 

1 1-3440 

8-06 

1-3440 

8-06 

9 

28 

i 1-3466 

9-06 

1-3466 

9-10 

10 

28 

1 1-3471 

10-10 

1-3470 

10-06 


These results are in accordance with those of Stolle^ and Toll- 
man and Smith® who showed that, at all concentrations, glucose 
and sucrose in solution have the same refractive index. The latter 
authors have further shown that sucrose, fructose and glucose all 
have the same indices of refraction in soluticms of concentratioiis 


^ Stolte, ZtU. r«r. Zuckerindf 1001 ; from Lauiiiam BviJk JSS, 
^ Joum. Anter. Oh%m> 8cc*t Oot., 1006. 
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O-10K) per cent. Subsequently Prinsen Geerligsi, working with 
the Abbe instrument, first conficrmed the observations of Tollman 
and Smith^ regarding the specific refraction of sugars, and then 
obtained data on such salts as chlorides, sulphates, acetates, etc., 
as are commonly found in the sugarcane products. He showed 
that calcium salts had a higher, and the potassium salts a lower, index 
of refraction than sucrose, and proved by experiment that a mixture 
of these salts, such as is usually found in sugar products, gave results 
very nearly the same as those of pure sucrose. The amount of 
salts to be met with in cane juices is very small, and any slight 
fluctuation in the total solids calculated as sugar is, therefore, 
ne^igible. 

HI. Experimental. 

Having worked through the initial difficulties, the next step 
in the course of the investigation was how best to apply the above 
methods to a growing sugarcane to determine its sucrose-yielding 
efficiency. The object aimed at was to fix the status of a seedling 
by examining the juice of a single internode in that particular cane. 
The main difficulty was liow to locate the internode Mdiich would 
serve as an index for the whole cane within the limits of experimental 
error. 

Venkataramau and Krishnamurti Ro\v® made sectional analyses 
of sugarcanes and have shown that the highest sucrose content 
(which they call sucrose index of the cane) is found in the young 
cane in the lowest section, but as the cane advances in maturity, 
the region of the highest sucrose content gradually moves upwards. 
They based their conclusions on analyses made of different canes 
belonging to the same clump, after dividing these into 5 or 6 parts 
from the bottom. Their results, therefore, refer to portions of cane 
but not to particular internodes, and consequently cannot be of help 
in determining the particular internode or intemodes which would 
serve as an index to a cane. Besides, their results refer to sucrose 
as determined by the polariscope, while the results in this paper 

‘ Croat, W. B- Lwiriana Ttehfi. Bvtt. No. '35. 

*I«o. oit. 

* dfrie, Jimn. ladiaa SoiaiMe Ooagnaa Numbar, 1017. 
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refer to the total sugars. A number of sugarcanes, kindly supplied 
l)y the Government Cane-breeding Station, were examined joint by 
joint from bottom to top, noting the places of highest dead leaf, 
lowest living leaf, and other botanical peculiarities, with a view to 
ascertaining how the total sugars are distributed in the cane. The 
results of .1 4 canes thus examined are tabulated in Table II (p. 468) 
and plotted in Chart 1. The canes examined consisted of both 
exotic and indigenous varieties. 

One striking point of difference between the indigenous and 
exotic canes is that the fall in the percentage of total solids is very 
steep or sudden in the case of the exotk; canes, while it is more 
gradual in the case of the indigenous ones, thus showing a marked 
difference between the two varieties. 

It will be seen that in many cases the joint at or very near the 
highest dead leaf contained the maximum amount of sugars, while 
in the case of sonre it was removed as far below as 5 or 6 joints towards 
the base. In no case was it above the highest dead leaf joint from 
the bottom. The botanical notes show that the canes were almost 
ripe at the time of sampling. 

W. C. Stubh^^ says, “ each joint has its leaf and through the 
latter the food of the former is assimilated, and it is believed when 
the joint casts its leaf, the process of assimilation ; so far as that joint 
is concerned, is completed — it is mature.” If this be the case, 
one would expect a flat curve, i.e., uniform sugar content from the 
bottom of the cane up to the highest dead leaf joint, or if any deterio- 
ration is taking place in the lower joints an inclined curve with its 
maximum about the highest dead leaf joint and exhibiting a gradual 
fall above the dead leaf joint. The curves in Chart 1 do not seem 
to endorse this view. The maximum sugar content is not at the 
highest dead leaf joint in all cases, nor is it located at any definite 
distance from the highest dead leaf joint except that it is never 
above this point. 

It is possible that the canes examined were of different degrees 
of ripeness and consequently the internode containing the maximum 


^Stubbs. Sugarcane, vol. I, ])age 14. 
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sugar content is removed more or less i’rorn the highest dead leaf. 
In order to test this point a number of seedling canes of about nine 
months old, both exotic and indigenous, were examined, from the 
internode just above the ground level to that carrying the highest 
dead leaf, at intervals of one month, d'he results obtained 
are tabulated in Table 111 (p. 4()7) and graphically described in 
Chart II. 

It will be seen that when the cane is young the point of maximum 
sugar content is in the basal sections, but as the cane matures, this 
gradually moves up the cane towards the highest dead leaf joint. 
These results are in complete accord with those of Venkataraman 
and Krishiiaruurti liow^ whose work started simultaneously with 
the author's but was quite independent and was carried out by 
methods of expei'iment entirely dilierent from thos(! employeil by 
the author. The lesults suggest that in a young cane the sugar 
content of the internode nearer to tlie ground gives roughly an idea 
of the ca])acity of the seedling. 

With this information, a number of Ji. 208 seedlings were 
examined in I9H! when they were about nine months old, and the 
results were compared with those obtained by crushing the same 
« anes after matui ity, us well as with the bulk harvest results of the 
same clump. A similar set of exjjerimcnts were made in the year 
1917. in both cases the results obtained are not entirely satis- 
factory ; nevertheless, they are encouiaging in that nearly 
70 per i;ent. of the results corresponded with the preliminary tests 
though the rest failed to keep uj> to the original indications. The 
cause of this difference is being .'.nvestigated, aiul this portion of the 
work will be carried on as opportunity occurs. 

tiubsidianj resiills. 

An examination of the curves in Chart 11 shows that : — 

1. When the cane is young, the joint with the highest dead 
leaf contains the lowest amount of sugar of all the dead leaf joints, 
but its sugar content gradually increases, however, as the cane 


^Loo. oit» 
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matures, thus indi(;ating that further storage of sugar takes place 
after the leaf is dead, 

2. As the cane grows there is a general levelling about the 
middle of the curves indicating either the possibility of the sugar 
moving upwards from internode to internode or its being used up 
iji the lower joints in the building up of cane tissue. 

3. A large increase in the amount of total sugars occurs 
in the internode even after the leaf is dead and cast. 

There are thus strong indications in favour of formation of sugars 
in the internode after its leaf is cast, and it was thought desirable 
to obtain further proof in support of this view. Barnes^ has shown 
that when cut, after-ripeness actually occurs in sugarcane under 
proper conditions. His results, though not conclusive, were based 
on experiments made with different canes, and this fact minimises 
the importance of the conclusions drawn. An attempt was, there- 
fore, made to experiment with one and the same internode of a 
sugarcane by cutting this into two halves and watching if any increase 
in sugars oc;curred in one of the halves when kept for some time. 
As a preliminary to this, experiments were made to ascertain if the 
concentration of the juice is the .same throughout an internode. 

Two samples were taken from an internode by means of a t;ork- 
borer and the sugars from these were extracted by means of 80 
per cent, alcohol and examined. 

Table IV. 

tihowiiuj the sugar conterU of two portions of an itUerrtode. 


No. of 
experiment 

Sucrose 

Bottom 

Glucose 

1 

1 

i 

Sucrose 

[rop 

Glucose 

1 

1*34 

Trace 

1 

1-34 


Trace 

2 

1*38 

! 

1 

1-38 


»» 


1-26 

1 

>» 

1*25 


99 

4 

1-89 

99 

1*88 

j 


$9 


* Barnet), J. H. Agric,Journ. India, April, 1917. 
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Having ascertained that the concentration of the juice of an 
internode is uniform, the following series of experiments were made. 

The canes after being brought to the laboratory were stripped 
of their leaves, and two internode lengths about the dead leaf joint 
were cut off with a sterile knife. The cut portions were next (mt 
into two halves longitudinally, so that each half had one bud and 
root zone intact. One of the two longitudinal halves was incubated 
in a ('ool place for about 48 hours. The other half was quickly 
dropped into boiliTig alcohol (containing 1 part ammonia in 100 
parts of alcohol) so as to bring to a sudden stop all vital activity 
in the cane. This was next removed from the alcohol, dried and 
leduced to a powder. 'I'he sugars were afterwards extracted with 
alcohol (80 per (;ent.), the .solvent distilled off, and the residual sugars 
examined according to the methods of Davis^, and of Davis, Daish 
and John.® At the end of 48 hours the other halves were also 
submitted to the same treatment and analysed (Table A"). 


Table V. 

Showing the effect of storage on portions of internodes of sugar- 
canes preserved for 48 hours in a cool place. 




SOLIDS ON DRY 

Sucrose on 

DRY 

Glucose on 

DRY 


Total 

MATTER 


MATTER 



MATTER 




o/ 


o/ 



O/ 




/O 


/o 



/o 


Name of cano 












+ 



+ 



4- 



Initial 

Final 

or 

Initial 

Final 

or 

Initial 

Final 

or 

Green Sports of 










Strips Mauri- 










tius 

! GGoO 

61*40 

~ 6*10 

49-57 

43*30 

- 6*27 

11*43 

10-90 

- 0*53 

Ditto 

1 64*15 

09-71 

+ 5-50 

49*69 

57-82 

-f 8*13 

2*56 

2*55 

- 0*01 

Striped Mauritius 

I 68*70 

02-80 

+ 4*10 

40*60 

45-71 

4- 6-11 

8-29 

9*17 

4- 0*88 

Ditto 

49*80 

54*90 

+ 6*10 

38*70 

1 46*00 

+ 7*30 

11*25 

10*50 

- 0*75 

Ditto 

60*20 

63*10 

+ 2*90 

48*10 , 

, 50*00 

4- 1*90 

7*26 

, 7*30 

4- 0*04 

Ditto 

38*10 

46*40 

+ 8-30 

28*70 

! 33*40 

-fj4*70 

12*16 

■ 12*00 

- 0*16 

Ditto 

62*40 

63-80 

-f 1*40 

45*80 1 

46*50 

4-0*70 

6*29 

8*00 

4- 1*71 

Ditto 

60*30 

66*80 

+ 5*60 

48*60 

64*40 

4-;6*80 

’’ 4*51 

4*40 

- 0*11 

Kaludai Boothan 

67*80 

65*40 

+ 7*60 

48*40 

66*30 

4*17*90 

~;9*80 

-;0*97 

Traces 

Traces 


Ditto 

62*40 

52*80 

~ 9*60 1 

51*50 

41*70 

Do. 

Do. 


Ditto 

60*30 

50*03 

- 0*27 

36*10 

35*13 

3*31 

4*76 

4* 1*44 

Ditto . . I 

1 

66*90 

54*30 

- 2*60 

30*62 

35*90 

' 4* 6*30 

6*00 

11*00 

j 

4- 6*00 


^ Davis. Joum, Agric, SciencCf 1916. 

* Davis, Daish and John. Journ, Agric. Science, 1913, 1914 and 1916. 
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Out ol the twelve experiments made, there was a distinct increase 
of sugars and total solids in eight, wliilc the other four experiments 
showed loss of sugars and total solids. These results are not, of 
course, conclusive, hut they certainly indicate extra formation of 
sugars. Tt is possible that the loss of sugar and total solids on four 
occasions may have been due to bacterial fermentation, though every 
effort was made to ensure sterility. Since submitting this paper to the 
Chairmanof the Agricultural Section of the Indian Science Congress, 
the Annual Report of the Agricudtural Re, search Institute, Pusa, 
was published, wherein Dr. Harri.sou records an increase of both 
total solids and sugar in two varieties of canes under windrowed 
conditions. 


Disciissimi of tlie. results. 

Before proceeding to discuss the results it is well to 
see how far the methods of experiment employed affected the 
canes e.xamined. The shape of the curves cannot be attributed 
to any changes resulting from puncturing the canes, because if that 
were the ca.se the lower portions of the curves could not have been 
steady as they are seen to l)e in almost all the cases. 

The probable error due to the refractometcr has been dealt 
with when dealing with that instrument. The eiror due to the 
methods of extracting the juice from the cane cannot be exactly 
estimated, but the exti'actions were all made under conditions as 
uniform as possible, and any error is believed to be constant or 
nearly so. As for temperature the necessary corrections were 
applied to all the readings. The total solids calculated from the 
refractive indices were all taken to represent sugar, as the amount 
of substances other than sucrose and reducing sugars is so small 
that they may be neglected. Besides, it has already been shown 
that sucrose, glucose and other salts usually found in sugarcane juice 
have the same refractive index. 

It is not claimed that the results so far obtained are in any 
way complete, but there can be no doubt as to the general indications, 
particularly in view of the fact that they are in general agreement 
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with those of Venkataraman and Krishnamurti Kow^ wlio drew 
their conclusions from entirely different methods. 

A consideration of the foregoing results brings us at once to 
the question, “ how does the cane make its sugar.” A large volume 
of literature exists on the formation of sugar in the beet, but the 
amount of work done on the formation of sugar in the sugarcane, 
judging from the literature at the author’s disposal, is meagre and 
controversial. 

Ainne (lirard® in 1884. from comparative investigations of 
the amounts of cane sugar and grape sugar present in different 
parts of the sugarcane in the afternoon and before sunrise, concluded 
that the formation of sucrose from glucose takes place entirely in 
the leaves under the influence of sunlight and that the sucrose 
thereupon ascends tlie cane through the petioles, etc., and collects 
there. 

Winter® (1888) from an examination of the sugars of a normal 
ripe sugarcane says that the assumption that sucrose is formed 
from glucose and levulosc can no longer be allowed. 

lieeson* (1895) regards glucose as the first assimilation product. 

Prinsen Geerligs® (1896) concludes from data furnished by 
estimations of the optical and reducing powers before and after 
inversion, that the ratio l)ctween sucrose, dextrose and levu- 
lose in the leaves from the unripe sugarcane is 1 ; 2 : 4. In the 
upper portion of unripe canes of six months’ growth the ratio was 
1:1:1, three months later it became 3 : 2:1, whilst in the lower joints 
of canes nine months old the ratio found was 82‘5 : 3 : 1. He thus 
maintains that sucrose is built up from reducing sugars. 

Went® (1898) made a thorough study of this question and coii- 
cluded from a microchemical examination of the sugarcane that 


^ Loo. cit. 

5 * Aiimo Girard. Gotn'pl, Rend., XCVII, 1305; abstiaot Journ. Soc, Chew. iTidnstry, 1884. 
Winter. ZtiL f. Zuekerind, 1880, 780; abstract J. S. C. 1888, p. 761. 

^ Beeson* RuU* Assoc, Chcfn,f 1895, XIII, 362; abstract J, S. C, 1895. 

** Prinsen Geoiligs. Ghent* Zeit*, 1896, XX, 721 ; abstract J, S* 0. 1896. 

•Went, P A. F. C. Bull, de P Assoc, des Chemi. de Suer* et de Disl., 1898, 15(12), pp. 
1217-1226 ; abstract J* 8. C* 1. and Cane Sugar by Noel Deerr. 
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glucose, sucrose, starch and tannin are found in the parenchy- 
matous cells and not in the vascular bundles while the contrary 
is the case with the albuminoids. According to this investigator 
the following phases are distinguished in the life-history of the 
stalk : 

(1) In very young parts of the stalk, only starch and albumen 
are present, which are consumed little by little in the formation of 
cellulose. 

(2) In young, rapidly growing parts of the stalk, the cane 
sugar brought down by the leaf is inverted, and whereas in the 
leaf the proportions of sucrose, dextrose and levulose were as 
4:2:1, in the young joints the proportions are 0‘8 : 1 : 1. A 
part of the invert sugar is used up in the formation of fibre, a 
part unites with the amides to form albumen, and a part is 
deposited as starch. In consequence of the inversion, the 
osmotic pressure is raised and this tends to favour the absorption 
of plant food. 

(3) In older joints the sucrose formed in the leaf remains 
unchanged when it reaches the joint and the reducing sugars are 
used up, partly in respiration, or perhaps partly converted by a 
synthetic enzyme action into sucrose ; of the reducing sugars that 
remain, the dextrose is generally in excess. 

(4) When the stalks are developed, the accumulated invert 
sugar is converted into sucrose ; of the invert sugar remaining, 
the dextrose is generally in excess. 

(5) When the stalks are ripe the leaves die and the accumulation 
of sugar gradually ceases ; the remainder of the invert sugar is 
changed to sucrose, eventually only traces of invert sugar 
remaining. 

(6) When the stalks are overripe the sucrose is reconverted 
into invert sugar, but this change does not prevent the younger 
parts of the cane accumulating sugar. It will be noticed that 
Went’s figures for the ratio between sucrose and reducing 
sugars in the leaf are entirely different from' those formed by 
Geerligs. 
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Pellet ^ (1914) maintains that the results obtained by him 
point to conversion of the reducing sugars into sucrose after reaching 
the cane stalk. Colin* (1914) takes a similar view. 

Other investigators on beet-root and foliage leaves are divided, 
as in the case of the sugarcane investigators, some holding sucrose 
and some glucose as the product directly formed in and translocated 
by the leaf. 

The most recent investigators in this field are Davis and Colin. 
Davis® (1915-1916) after a very careful examination of the carbo- 
hydrates of the leaves of the mangold conc^ludes that the sugar 
is translocated by the leaf as hexoses which are subsequently 
transformed into sucrose. 

Colin* (1916-1917) has stated that sucrose contained in the 
beet-root is reproduced by a small number of cells from the reducing 
sugars and that normally invertase is not present in the root. The 
.same investigator in a later communication® criticises the two 
theories advanced, in the light of the latest researches, and concludes 
that sufficient evidence has not yet been obtained to establish the 
proposition that sucrose cannot pass tmchanged from the leaf to 
the root. Moreover, he admits that there exists considerable 
evidence pointing to the polymerisation of reducing sugars into 
sucrose in the beet-root. 

The bulk of evidence seems to favour the view that sucrose 
in the sucrose-storing plants is- built up either in the root or in the 
stem from the reducing sugars sent into it by the leaf. Analyses of 
top and bottom halves of sugarcane made in this laboratory 
(Table VI) show that the top halves contain more glucose than the 
bottom halves and this is apparently in general accord with the 
views just quoted above. 


‘ Pellet. Private oomraunioation to Mr. W. A. Davis quoted in Jonrn. Aoric, <Sfcicfirc, vol. VII, 
10154916. 

^Joum. Agric, vol. VII, 1915-1916. 

^ Davis. Loo. cit 

* Colin, ilev. Qer^ Boian., XXVIII, 289-99, 321-8, 368-80 (1910), XXIX, 21-32, 56-64. 
89^96, 118»27 (1917), from Chem* Abstracts, vol. XII, 1918, 

^ Bull. OUm, 8utr. Diit., 35 (171-178), 1917, from Chemical Abstracts, vol. XIII 
(1918). 
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Table VI. 

Shnwiriff analyses of top and bottom halves of suyarcane. 



Bottom half 


Top HALF 

Name, of cane 










Ratio 



Ratio 


Surcosci 

OllKHISC 

glucose 

sucrose 

Glucose 

glucose 




sucrose 



sucrose 


% 

O/ 


C/' 

o/ 


B. 147 

1411 

f*31 

0*09 

13*35 

1*61 

0*11 

Fiji B. 

18*02 

0*70 

0*04 

14*66 

1*43 

0*09 

B. 1629 . . 

18*68 

0*27 

()*()l 

17*92 

0*40 

0*02 

B. 3il2 . . 

14-82 

1*25 

0*08 

12*91 

1*35 

0*10 

J.247 

14*04 

1*04 

0*07 

13*18 

1*39 

0*11 

B.0450 .. .. 1 

1 16*37 

0*40 

0*02 

15*09 

1*04 

0*07 

Tana Blanche . . | 

15*55 

0*78 

0*05 

13*56 

0*88 

0*06 

Ashy Mauritius . . | 

19*04 

0*21 

0*01 

17*44 

0*39 

0*02 

Red Mauritius sports . . 1 

14*69 

1*67 

0*11 

14*05 

1*78 

0*12 

B. 208 .. i 

18*95 

0*42 

0*02 

18*19 

0*00 

0*03 

FijiC. .. .. 1 

16*69 I 

0*63 

004 

13*95 

1 0*83 

0*06 


From a study of the previous literature we leani that rU are 
agreed that sugar in one form or other is sent to the cane by the leaf, 
and nothing is said of the fate of the sugar when once it enters 
the stalk. It is only an assumption, without direct experimental 
evidence, that sucrose is the result of polymerisation of the reducing 
sugars. It has been shown that sucrose and reducing sugars have 
the same refractive index, and if nothing more than conversion of 
reducing sugars into sucrose takes place after the leaf is cast, there 
is no need for any increase in the total solids as shown by the refrac- 
tometer. The results of experiments detailed in this paper distinctly 
show that there is an increase in total solids with production of sugar 
in large quantities in an internode after the death of the leaf attached 
to it. How is this extra sugar formed ? 

The explanation that readily suggests itself from a study of the 
curves in Chart II is that, as the cane grows, the internodes are 
gradually filled up by the sugar sent in by the living leaves above. 
If this is so, the amount of work falling on the green leaves produced 
during the later stages of the growth of the cane, is greater than 
that carried out by the earlier leaves, and this appears to be too 
much for the new ones. It cannot be argued that increased output 
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is possible on account of increase in leaf area. In sugarcane each 
internode has only one leaf and old leaves die off as new ones come 
up. In India it takes about twelve months from the time of planting 
for a cane crop to mature, and as the canes were examined when they 
were about eight months old and thus at a sufficiently adult stage 
at the time of examination, there could not have been any con- 
siderable difference between the total leaf area at the beginning and 
closing stages of the experiment. 

The green leaves have their own urgent work to do. They have 
to provide large quantities of sugar for the building up of their 
internodes and proteids, besides sending down material to older joints 
for purposes of storage. IffiLs would appear to be an undue strain 
on the existing green leaves, and it does not seem reasonable 
to suppose that when the demands from the growing parts are urgent 
tlie leaves would make an attempt at supplying the lower joints 
which could not be provided for by their own leaves with sugar. 

Another possible explanation is that the sugars as soon as they 
are sent in by the leaf into the stem are converted into carbohydrates 
of higher molecular weight of the types of hemicelluloses, starch 
and such others for purpo.se8 of building up cane tissue. These 
after the death of the leaf are slowly reconverted into simple sugars. 
The formation of cellulose-like substance from sucrose in beet 
juice by a ferment resembling diastase was observed by E. Dmin.! 
Brown and Morris* as a result of their investigations on tropeolum 
leaves hold the view that cane sugar is the precursor of cellulose. 
This view is also supported by Cross and Bevan.* Dr. Maxwell* 
in 1893-1894 found in the sugarcane bodies resembling gums which 
on hydrolysis yielded glucose. He was then not able to explain 
the physiological significance of the presence of .these bodies in 
sugarcane. 

Small quantities of starch as a sheath round the vascular bundles 
and diastase were recognized by the author in the younger joints of 

1 Burin. Compl. Smi.. LXXXII, 1078 ; LXXXIII, 128. 

‘ Brown and Morris. /. C. 8 ., 1890, LVII. 4.18. 

^ Crosli and Bevan. OeUuloae* 

^Maxwells Louisiana BitU, ’No, 3S, 
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the cane wliile none could be found in the older joints. It is possible 
that the diastase is functioning both as disintegrator and builder 
of complex carbohydrates. It is also possible in view of the evidence 
adduced that the function of the leaf is a physiological one, 
growth continues as long as the leaf is alive, and during this time 
the tendency of the internode is to build up higher polysaccharides 
for its own benefit from the sugar sent in by the leaf till the 
connection with the leaf is cut off, and that after the death of 
the leaf re-elaboration of the material takes place as observed by 
Stubbs.^ 

Thus, with our present knowledge of the physiology of sugar- 
cane, two methods of explanation seem possible. Which of the 
two is more tenable has to be shown by further investigation. 
The bulk of the evidence addiu'ed 8eem.s to favour the second 
view. 

IV. SuMMARV AND CONCLUSIONS. 

'Phe results so far obtained may be sumniarized thus : 

(1) A method of extracting and examining small quantities 

of juice from sugarcane, without harnung the (^ane to 
any appreciable extent, was devised. 

(2) By the application of the above method the total sugar 

content of each joint of sugarcane was determined 
during the various stages of its growth, thus obtaining 
a glimpse into the life-history of the cane, as told by 
itself. 

(3) In a young cane the maximum amount of total sugars is 

found at the basal joints ; as the cane grows older and 
older, this maximum sugar content moves higher and 
higher till it is at the highest dead leaf joint. The 
nearer the maximum total sugar content is to the 
highest dead leaf joint, the more advanced it is in 
maturity. 

(4) A large increase of sugars occurs in the intemod^ of the 

cane after the death of its attendant leaf ; this increase 


^ Loo. oit. 
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may be due either to the influx of sugars from the 
growing parts above or to further elaboration of the 
material alrea<iy sent in by the leaf before its death. 
What it exactly is, is to be decided by further investi- 
gation. 

(5) The formation of sucrose in the cane does not seem 
to be due to such a simple process as the direct 
polymerisation in the stem of reducing sugars trans- 
located by the leaf, as is generally supposed to be the 
case. 

In conclusion, 1 have to express my deep sense of gratitude to 
Dr. C. A. Barber, C.I.E., Government Sugarcane Expert, for freely 
affording facilities for work at the Government Cane-breeding Station, 
Coimbatore, to Dr. W. H. Harrison for suggesting this investigation, 
and to Dr, R. V. Norris for criticism of the results and advice before 
the paper was finally written up. 

1 am also indebted to my colleagues Messrs. T. S. Venkataraman, 
K. Krishnainurti Row and U. Vittal Rao, Assistants to the 
Government Sugarcane Expert, for their kind help and friendly 
criticism of the results during the perio<l of my work at the Cane- 
breeding Station. 
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Table II. 


Showing the total sugar cordenA of each internode of maturing 
sugarcanes as shown by the refraetometer. 




j 

Total 


No. of 

Observed 

Observed 

solids 

calculated ! 
as sugar | 
at 28^C. ■ 

! 


iiitcrnode 
from base 

71 

J) 

temp. 

'■V. 

Remarks 


Kalijdai Boothan* 


1 

1 *9595 

2 

1 *3595 

:i 

1 -3690 

4 

1 *3580 

5 

1 *3675 

<i 

1 *3675 

7 

1 3576 

8 

1*3578 

1) 

1 -.3583 

10 

1*3584 

11 

1 3585 

12 

1 *3587 

i:i 

1 *3585 

14 

1 *3586 

15 

1 *3586 

10 

1 .3578 

J7 

1 3578 

18 

1 *3580 

19 

1 *3590 

20 

1 *3595 

21 

1*3595 

22 

1 1 *3600 

29 

1 *3600 

24 

1 *3605, 

2.5 

1 *360.5 

20 

1*3610 

27 

1 *3615 

28 

1*3626 

29 

J *3612 

90 

1 *3610 

91 

1*3601 

.32 

1 3585 

33 

1*3675 

.34 

1*3666 

.3.5 

1 *3560 

30 

1*3530 

37 

J *3495 

38 

1*3474 

39 

1*3446 

40 

1 *3395 

41 

1*3395 

42 

1*3395 


27*0 

17*98 

27*2 

17*99 

27*5 

17*71 

27*5 

17*00 

27*3 

16*74 

27*3 

16*74 

27*3 

16*79 

27*4 

16*96 

27*0 

17 23 

27*0 

17*33 

27*1 

17*38 

27*2 

17*64 

27*5 

17*41 

27*5 

17*46 

27*6 

17*45 

27*6 

16*96 

27*6 

16*95 

27*6 

17*05 

27*6 

17*70 

27*6 

18*00 

27*5 

18*01 

27*4 

18*31 

27*4 

18*31 

27*4 

18*61 

27*4 

18*61 

27*4 

18*91 

27*5 

19*21 

28*0 

19*90 

28*0 

19*05 

28*4 

18*98 

28 -li 

18*44 

28*8 

17*61 

29*0 

16*87 

29*0 

16*27 

29*0 

15*32 

29*0 

14*07 

29*0 

11*77 

29*0 

10*37 

29*1 

8*47 

29*2 

6*12 

29*2 

6*12 

27*3 

4*99 


I Cane maturing. 


I iiaKc carried highest dead leaf. 
I Half dead leares. 


! Base carried lowest fully green leaf. 
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Table II. — {Contd.) 




1 

I Total 

1 

No of 

Observed 

Observed 

solidh 

calculated 

1 

intemode 

n 

temp 

' Remarks 

from baHO 

1) 

1 

as sugar 
as 28‘C. 




1 

o/ 




1 

/o 




Sada Khajee. 


J 

1 3005 

27 0 

1 18*58 

A healthy canc with a full green tuft. 
Tuft not closing. 

2 

1 1 *3097 

27*0 

18-08 


3 

4 

1 1 -3590 

1 1 *3578 

27*2 

27*5 

17-69 1 
16-96 f 

1 Buds lightly swelling. 

3 

1 1 -3565 

27*5 

16*16 


(> 

1 1 -3570 

27*6 

16*47 

On cutting showed borer attack. 

7 

1 ■;i584 

27*(» 

17*37 

8 

1 *3585 

27*6 

17*42 


9 

1 -3585 

27*8 

17*44 


10 

1*3590 

28*0 

17*75 


n 

1 *3600 

28-() 

1835 


12 

1 *3585 

28*0 

17*45 


13 

1 -3584 

28*0 

17*40 


14 

1 *3375 

•28*0 

, 16*80 

Hicbest dead leaf. 

13 

1 -3367 

28*0 

16*30 

Do. half dead leaf. 

I(i 

1 *3373 

28*0 

' 16*80 


17 

1 *3370 

28*0 

16 *50 ] 


IS 

1 *3575 

28*0 

16*80 


19 

1*3570 

28-0 

16*50 


20 

1 *3555 

28-2 

15*59 } 

Fully green leaves. 

21 

1 3550 

28*2 

15*24 

23 

1 3480 

28*2 

10*69 


23 

1 *3430 

28*2 

7*39 ; 





Ohittan. 


1 1 

1 *36(>5 

28*0 

22*20 

Cane maturing. 

2 1 

1 *3652 , 

, 28*4 

21*47 


3 

1 *3655 1 

1 28*4 

21 *68 


4 

1 *3645 

' 28*5 

21 *09 


r» 

1 *3650 

28*5 

21*39 


(> 

1 *3655 

28*5 

21 *69 


7 

1 *3655 

28 5 

21 *69 


8 

1 *3657 

28*6 

21*85 


9 

1 *3660 

28*6 

22*mi 


10 

1 *3665 

28*6 

22*25 


n 

I *3660 

1 28*7 

22*00 ' 


12 

1 *3665 ] 

1 28*8 

22*2(» 1 

1 

13 

1*3673 

, 28*6 

22*75 1 

1 

14 

1*3670 

28*5 

22’64 1 


15 

1*3670 

26*6 

22*54 1 


16 

1 1*3675 

28*4 

22*88 1 

1 ' " '1 ^ 

17 

1*3680 

28*5 

23*14 1 


18 

1 *3680 

28*5 

23*14 


19 

1*3670 

28*2 

22*51 1 


20 

1*3675 

28*2 

22*86 

. , . 

21 

1*3662 

28*3 

22*07 

^ 4 * . 

22 

1*3663 

1 28*4 

22*12 

Highest dead leaf. 

23 1 

1*3660 

28*3 

21*97 


24 1 

1*3665 

28*3 

! 21*67 
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Table II. — (CorUd.) 


Na of 
internoilc 
from base 

Obaerv'od 

n 

U 

Obsorvenl 

temp. 

C. 

1 

Total 
solids 
calculated 
as sugar 
at 28^C. 

% 

Hkmakks 



Ch ITTA N,-^ConcJ/L 




•aaao 

28-0 

20*50 

2« 

•3(530 

28-0 

20*15 

27 

•3(530 

280 

201 5 

28 

•3(500 

280 

18*00 

29 

•3005 

280 

18*05 

no 

•3575 

28-0 

10*80 

:ii 

•3540 

28-0 

15*20 

:i2 

•3515 

28-0 

12*00 

aa 

•3r>05 

28-0 

12*30 

:u 

•3400 

28-0 

11*40 





1*00 VAX, 

1 

1*3078 

280 

23*00 Cane maturiivj. 

2 

1 *3078 

28 0 

23*00 

3 

1 -3073 

28*0 

22*70 

4 

1 -3075 

28*2 

22*80 , 

5 

1 *3(573 

28*2 

22*71 

(5 

l *3000 

28*4 

21*97 

7 

1*3047 

28*5 

21*17 

S 

1*3070 

28*5 

22*52 

0 

1-3045 

28*6 

21*08 

10 

1*:5040 

28*0 

20*83 

11 

1 *30(55 

28*7 

22*23 

12 

1 *3075 

28*7 

22*88 

13 

1 *3075 

28*7 

22*88 

14 

1 -3050 

28*0 

1 21*38 

15 

1 *3070 

28*7 

22*53 

10 

1*3072 

28*8 

1 22*69 

17 

1*3670 

28*0 

1 22*53 

18 

1 *3040 

I 28*0 

1 20*83 ' 

19 

1*3055 

! 28*0 

! 21*68 j 

20 

1*3075 

28*0 

22*88 

21 

1*3683 

28*5 

23*32 

22 

1*3085 

28*7 

23*43 

23 

1*3687 

28*7 

! 23*53 ' 

24 

1*3686 

28*7 

23*48 

25 

1-3685 

28*6 

23*43 

20 

1*3675 

28*0 

22*88 Highest dead leaf* 

27 

1*36(55 

28*6 

1 22*23 

28 

1*3660 

28*6 

1 21*98 

20 

1 *3655 

28*7 

1 21*68 

30 

1 *3610 

28*7 

! 18*98 

31 

1 *3568 

28*0 

1 16*43 

32 

1*3540 

28*7 

14*68 

33 

1 *3495 1 

28*0 

1 11*73 Fully gre4n leaf. 

34 



No juice 

35 



No juice 
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Table II. {Contd.) 




1 

Total 

No. of 

Observed 

Observed 

. solids 

1 

intemodo 

n 

temp. ! 


Ukmarks 

from base 

D 

C i 

as suj^ar 

at 28'C. 



i 

e/ 

/o 

. 




Fiji 0. 

1 

1 -3640 

27 0 

20-73 ' 

2 

1 *3645 

27*0 

20*98 

Cane neariiiji; maturit.y. 

3 

1*3653 

27*0 

21*43 


4 

1 *3658 

271 

21*78 


5 

1*3658 

27*2 

21*79 


0 

1*3662 

27-. 

22*01 


7 

1*3663 

27*5 

22-0(1 


8 

1*36( K ) 

27*5 

21*91 

9 

1 *36^50 

27*6 

21*31 

10 

1 *3655 

27*6 

21 *61 

11 

1 *3645 

27-8 

21*03 

12 

1 *3645 

27*8 

21*03 

13 

1 *3640 

27*8 

20-78 

14 

1 *3645 

27*8 

21*03 ; 

15 

1 -.3645 

27*8 

21 *03 

Hi 

I *3645 

27*8 

21*03 

17 

1*3640 

27*8 

20*78 

18 

1 *3645 

27*8 

21 *03 


10 

1-3047 

28'<» 

21*15 


20 

I *3650 

28 •« 

21*35 i 

21 

1 *3650 

2«-« 

21-3'. ! 

22 

1 *3652 

28*0 

21*45 

23 

1 *3652 

28*0 

21 *45 

24 

1 *3645 

28-0 

21 *05 ! 

25 

1 *3640 

j 28*0 

20-80 ! 

20 i 

1*3637 

! 28*0 

20*60 

27 

1 *3638 I 

28*0 

20*65 

28 

1*3635 

28*0 

20*45 

29 

l *: i 625 j 

28*0 

19*85 

:)0 

1 1*3615 1 

280 

19*25 

Hiizhest dead leal. 

31 

1 *3590 

28*0 

17*75 

32 

1 *3565 

28*0 

16*20 

33 

1*3550 

28*0 

15-25 

34 

I *: i 535 

28*0 

14*30 

35 

1*3530 

28*0 

14*00 

Lowest fully prreen leaf. 

36 

1*3515 

28-0 

12*90 

37 

1*3500 

28*0 

12*00 

38 

1 '3445 

28*0 

8*40 



Hallu Kabbit. 

1 

1*3602 

30*0 

18*59 


2 

1*3610 

30*0 

19*09 

Cane immature 

3 

1*3618 

30*0 

10-60 


4 

1*3635 

30*0 

20*59 


5 

1*3635 

30*0 

20*59 


6 

1*3625 

30*0 

19*99 


7 

1-3630 

30*0 

20*29 


8 

1*3635 

30*0 

20*59 


9 

1*3640 

SO-I 

20-94 


10 

1*3635 

30*2 

90-60 


11 

1*3645 

30*3 

21-21 


12 

1*3653 

30*5 

21*68 
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Table II. — (Cordd.) 


No. of 
intemode 
from base 

Obsenrod 

n 

\y 

Observed 

temp. 

“C. 

Total 
solids 
oaloulated 
as sugar 
at 28^C. 

% 

1 

Remarks 

13 

1*3G33 

Hallu 

30*5 

Kabbu. — Condd. 

20*53 

14 

1 *3640 

30*5 

20*98 

Highest dead leaf* 

15 

1 >3640 

30*5 

20-98 

IG 

1*3630 

30*5 

20*33 


17 

1 *3628 

30*5 

20*23 


18 

1*3625 

30-5 

20-03 


19 

1 *3620 

30*5 

19-78 


20 

1 *3605 

30-5 

18*83 


21 

1*3597 

30*5 

18*33 


22 

1*3590 

30*5 

17*92 

Lowest fully green leaf. 

23 

1 *3655 

30*5 

15*77 

24 

1*3520 

30*6 

13*47 


25 

1*3470 

30*5 

10*22 


2G 

1 *3430 

30*5 

7*5G 


1 

1*3075 

29*5 

Fiji B. 

22-9.'» 


2 

1 *3670 

29-5 

22*60 


3 

1*3675 

29-8 

22*97 

Cane appears inunaturc. 

4 

1*3673 

29*8 

22*82 

5 

1 *3673 

29*8 

22-82 


G 

1 *3682 

29*8 

23-32 


7 

1 *3680 

29*8 

23*22 


8 

1 *3683 

29*8 

23*42 


0 

1*3682 

29*8 

23*32 


10 

1*3670 

29*8 

22*62 


11 

1*3675 

30*0 

22*99 


12 

1*3675 

30*0 

22*99 


13 

1 *3675 

30*0 

22*99 


14 

1 *3677 

30*0 

23*09 


15 

1 *3677 

30*0 

23*09 


IG 

1 *3670 

30*0 

22-64 


17 

1*3660 

30*0 

22*69 


18 

1 *3655 

30*0 

21 *79 i 

Highest dead leal. 

19 

1 *3625 

30*0 

19*99. 

20 

1 *3565 

30*0 

16*34 1 


21 

I *3520 

30*0 

13*44 1 

Lowest fully green leaf. 

22 

1 *3495 

30*0 

11*84 1 

23 

1 *3460 

30*0 

9*64 ! 


1 

1*3615 

30 0 1 

3. 213. 

i 19*39 


2 

1*3615 

30*0 1 

i ' 19*39 

Cajlte immatuj^.;:,. 

3 

1*3616 


19*39 i 

1 * • O ^ V*, 

4 

1*3585 

30*0 

-17*69 ! 

! !P^p crack. : 

5 

1*3615 

30*0 

4:19*39 

G 

1 *3625 

30*0 

N, "19*99 


7 

1 *3625 

30*0 i 

r 19*99 


8 

1*3624 

30*0 1 

^ 19*94 


9 

1*3635 

30*2 ; 

irr 20*60 

i 

10 

1*3639 

30*2 • 

,r,.. ,20*86 


11 

1*3640 

’ 30*4 

.*20*97 


12 

1*3636 

1 30*3 

•20*61 
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No. of 
internode 
from base 

Observed 

n 

D 

Observed 

temp. 

"C. 

Total 
solids 
calculated 
as sugar 
at 28“C. 

% 

Remarks 



J. 2l3,^Concld. 

13 

1*3635 

30*3 

20*61 

14 

1*3640 

30*3 

20*96 

15 

1*3655 

30*4 

21*82 

Hi 

1*3655 

30*4 

21*82 

17 

1*3658 

30*5 

22*03 


18 

1 *3655 

30*5 

21*83 


19 

1 *36(i0 

30*5 

22*13 


20 

1*3655 

:io*5 

21*83 


21 

1*3656 

30*5 

21*88 


22 

1 *3645 

:io*5 

21*23 


23 

1*3645 

30*5 

21*23 


24 

1 *3635 

30*5 

20*63 


25 

1*3630 

30*5 

20-3;j 

Highest dead leaf. 

2<i 

1*3615 

30*5 

19*43 


27 

I *3600 

:io*5 

18*53 


28 

1 *3575 

:io*5 

16*98 


29 

1 *3530 

30*6 

14*19 

Lowest fully living leal 

30 

1 *3495 

.30*6 

n-so 1 



.1. 1:19. 


1 

1 *3595 

26*2 

17-02 

2 

1 *3590 

26*5 

17*65 

Cane maturing. 

3 

1 *3565 

26*5 

16*10 

4 

1 *3590 

26*5 

17*65 

5 

1 *3603 

26*8 

18*27 

(> 

1 *3615 

27*0 

19*18 

7 

1 *3608 

27*0 

18*78 

8 

1 *3608 

27*0 

18*78 

9 

1*3610 

27*0 

18*88 

10 

1 1*3615 

27*0 

18*88 

t 

11 

1 *3615 

27*0 

18*88 

1 

12 

! 1*3615 

27*1 

18*88 


13 

1 *3624 

! 27*1 

19*73 


14 

1 *3624 

27 *2 

)9-74 

15 

: 1 *3625 

1 • 27*2 

19*79 

Hi 

1 *36:10 

: 27*3 

2(H)9 

17 

1*:1615 

27*4 

!9*20 

18 

: 1*3615 

27*5 

19*21 

19 

l*:i615 

‘27*5 

19*21 

20 

i 1 *:i6io 

; 27*6 

18*94 

21 

1 *3600 

27*0 

18*31 

: Half dead leaf. 

22 

1 *3605 

27*6 

18'«1 

23 

1 *3616 

27*7 

19*22 i 

24 

1 1*3606 

27*8 

18*63 

1 Highest dead leaf. 

25 

j 1*3698 

27*8 

18*18 

26 

i 1 *3698 

27*8 

18*1H 

27 

; 1 *3585 

! 27*8 

17*43 

28 

1 1 *3676 

27*8 

16*78 

29 

1*3664 

27*8 

16*08 , 

30 

1 1*3545 

28*0 

14*95 

! l.#oti^o8t fully green leaf. 

31 


28*0 

14*95 

32 

1*3505 

28*0 

12*30 

1C-' ve ' : 

33 

j 1*3486 

28*0 

. 11*06 

j': - • 


. »• .M 

..... 

— ■ 
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[XIV, in 


Tablk 11. — (Contd.) 


No. of 
intomodo 
from base 

Observed 

n 

1 ) 

1 

1 1 -3497 

o 

1 1*3488 

3 

1*3490 

4 

1*3510 

.5 

1 *3510 

(1 

1*3523 

7 

1*3540 

8 

1*3530 

» 

1*3523 

10 

1*3520 

11 

1*3505 

12 

1 .3505 

13 

1 .3505 

14 

1-.3485 

15 

1 *3405 


1 

1.3595 

2 

1 *3590 

.3 

1 *3587 

4 

1.3000 

5 

1 *3005 

0 

1 ‘300.3 

7 

1 *3003 

8 

1*3595 

9 

1 .3582 

10 

1 .3005 

11 

1 *3015 

12 

1*3020 

13 

1*3030 

14 

1*3615 

15 

1.3632 

10 

1*3025 

17 

1 *3022 

18 

1*3012 

19 

1*3020 

20 

1.3620 

21 

1*3015 

22 

1*3010 

2.3 

1.3010 

24 

1*3005 

25 

1*3595 

20 

1*3590 

27 

1*3560 

28 

1*3540 

29 

1*3505 

30 

1*3470 


1 i 

1*3025 

2 ; 

1*3025 

3 

1*3620 

* 1 

1*3022 i 


Observed 

Total 

solids 

calculated 

temp. 

C. 

as sugar 

at 28^C. 


o/ 

/o 


Yuba. 


28*0 

11*84 

28*8 

11*31 

28*9 

11*40 

29*0 

12*72 

29*0 

12*72 

29*0 

13*57 

29*0 

14*72 

29*0 

1407 

*29 0 

13*57 

29*0 

13*37 

20*0 

12*37 

29*0 

12*37 

29*0 

12*37 

29-0 

11*12 

29*0 

9-77 


Sahktha. 

29*2 

18*13 

29*2 

17*83 

20*2 

17*08 

29*3 

1 18*44 

29*3 1 

1 18*74 

29*.3 

18*59 

29*2 j 

I 18.58 

29*1 ' 

18*12 

29*0 1 

1 17*32 

29*0 

1 18*72 

29*0 

19*32 

29*0 

19*67 

29*0 

20*22 

29*0 

19*32 

29*0 

20*37 

29*0 

19*92 

29*0 

19*77 

28*8 

19*11 

28*8 

1 19*60 

28*8 

19*06 

28*8 

19*31 1 

28*5 

18*99 ) 

28*5 

18*99 

28*4 

18*08 

28*3 

18*07 

28*3 

17*77 

28*3 

[ 15*87 

28*3 

1 14*07 

28*3 

1 12*32 

28*3 

1 10*07 


Chen. 

28*2 

19*80 

28*2 

10*86 

28*2 

19*01 

28*4 

19*72 


Kkmarks 


Late oaiic. Im matting 


dead leaf. 


Lowest fully gi-een leaf. 


Matin iiig. 


Highoat dead leaf. 

Half dead leaf. 

Carried fully dead leaves. 
Fully green leaf. 


Cane maturing. 


STTrniES IN THE (^HEMISTUY OF SIHiARCANE 


40') 


Table II. — {CatUd.) 


No of 
intemode 
from baae 


Observed 

n 

T) 


Observed 

temp. 

C 


Total 
solids 
calouiated 
as sugar 
at 28^C. 
o/ 

/o 


Kkmakks 


C^HEN. — Concld. 


i) 

1 -3022 

28-r» 

19-73 



1 -3622 

28-3 

19*72 


7 

1-3625 

28-3 

19-87 


8 

1 3623 

28-3 

1977 


ft 

1 -3615 

28*3 

19-27 


10 

1-3610 

28-2 1 

18-97 


11 

1 *3615 

28*3 ' 

19-27 

*Cane when cut fipeii was found pitty. 

12 

1-3615 

28-3 1 

19-27 

1 

i:i 

l-35«r> 

28-3 

18*07 

1 

14 

1-3585 

28*2 

17-46 


ir» 

1-3615 

28-2 

19-2(( 

10 1 

1-3631 

28-2 

20-21 

17 

1 -3620 

28-2 

19*61 

Highest dead leaf. 

18 

1 -3605 

28-0 1 

, 18-65 

1ft 

1-3600 

28-0 ' 

' 18*35 

20 

1-3600 

28-0 

18-35 

21 

1-3575 

28-0 1 

16*80 

22 

1 3545 

28-0 1 

1 14-95 

23 

1 3525 

28-0 1 

13-65 • 

I/>west fully green leaf. 

24 

1-3500 

28*0 i 

12-00 : 

2.) 

1 -3475 

28-0 

10-40 



Bahetha 11. 

1 

1*3625 

26-7 

1 19-76 

Maturing. 

2 

1 -3645 

26-8 

20-96 

3 

1 -3643 

26-9 

20-87 

4 

1-3625 

27-0 

, 19-78 

Crack. 

i» 

1-3622 

27-0 

19-63 1 

0 

1-3629 

27-0 

20-03 


7 

1-3632 

27-1 

20-2:1 


S 

1-3635 

27-2 

20-39 


ft 

1-3646 

27-4 

21-06 


10 

1-3646 

27*4 

21-06 


11 

1-3645 

27-5 

21-01 


12 

1-3645 

27-5 

21-01 


13 

1-3635 

27-7 

20-43 


14 

1-3632 

27-7 

20-28 


15 

1-3638 

27-8 

20-64 


16 

1-3652 

27-8 

21-44 


17 

1-3635 

27-9 

20-44 

Highest dead leaf 

18 

1-3635 

27-9 

20-44 


19 

1-3628 

27-9 

20-04 


20 

1-3628 

28-0 

20*05 


21 

1-3605 

28-0 

18-65 


22 

1-3610 

28-0 

18-06 


23 

1-3610 

28-0 

18-95 


24 

1-3500 

28-0 

17-75 


25 

1-3590 

28-0 

17-75 

Lowest fully living leaf. 

26 

1-3590 

28-0 

17-75 


27 

1-3555 

28-0 

16-60 


28 

1-3510 

28-1 

1166 


20 

1-3481 

28-1 

10-80 
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AGBICULTURAL JOURNAL OF INDIA 


[XIV, III. 


Table IJ. — {Concld.) 


No. of j Observed 
luternode n 

from base O 


l-3r>(58 

1*36(56 

1*3566 

1*3565 

1*3565 

1*3560 

1*3545 

1*3545 I 

1*3545 

1 *3550 , 

1*3535 ' 

1*3545 

1*3545 

1*3543 

1 *3537 

1*3645 

1*3540 

1*3550 

1 3555 

1*3560 

1*3565 

1*3570 

1*3675 

1*3565 

1*3680 

1*3683 

1*3663 

1*3556 

1*3545 

1*3535 

1*3510 

1*3500 

1*3485 

1*3475 

1*,3466 

1*3435 ' 


Observed , 
temp. 

"C. 

Total 

solids 

tjsloulsted * 
as sugar 
at 28®0 

O/ 

/o 


Biiabokaii. 

29*5 

1 16*51 

29*5 

, 16*36 

29*5 

1 16*31 

29*5 

16*31 

29*5 

' 16*31 

29*5 

1 15*96 

29*5 

15*0fl 

29*5 

15*06 

29*5 

16*06 

29*5 

15*36 

29*5 

14*41 

29*4 

15*05 

29*2 

15*04 

20*2 

14*94 

29*2 

14*64 

29*2 

1 16*04 

29*2 1 

1 14*74 

29*2 1 

15*34 

29*1 1 

16*68 

29*1 

16*93 

29*0 

16*27 

29*0 

16*67 

29*0 

16*87 

29*0 , 

16*27 

29*0 ' 

17*17 

29*0 

17*37 

20*0 

16*12 

29*0 1 

15*67 

29*0 ' 

16*02 

28*9 

14*37 

28*9 

12*72 

28*8 , 

12*06 

28*8 ' 

11*11 

28*8 

10*46 

28-8 1 

9*76 

28-« 

7*75 

No juioe 
No juice 


4 

5 
(i 

7 

8 
0 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 
16 

27 

28 

29 

30 

31 

32 

33 

34 I 

35 ' 
30 


Ukmabes 


1 


Cane maturing. 


Highest dead loaf. 


Lowest lully green loaf 


STUDIES IN THE CHEMISTRY OF SUGARCANE 


4C7 


Tahle 111. 

Shxyvoiny resuUs of refractometric examituUiou of sugarcane 
varieties at regular intervals of one tnonih duriruj the period of 
their growth. _ 


No. of 
inter- 
node 

from i*— 
bottom „ 1 


Total solids calculated as sucrose 
at 28 °C. 


No. of ' 
inter- 
node ' 
from - 


Total solids calculated as sucrose 
at 28 *^ 0 . 


2-12-15 i 5-MH ! 8.2.18 8-3-16 I 3-12-15 7-1-16 9-2-16 9-3-16 


22-96 

23-31 

2347 

22-23 

1 

22-42 

23-31 

2317 

23-13 

2 

22-23 

23-Oi 

23-27 

22-78 

3 

21-96 

22-7« 

23-48 

23-17 

4 

21-70 

22-75 

23-21 

23-17 

5 

20-29 

23-01 

23-31 

22-82 

6 

20-74 

22-7(i 

23-61 

22-62 

7 

18-35 

22-41 

23-72 

22*82 

8 


22-76 

23-53 

23-21 

9 ! 

* 

22-43 

23-74 

23-46 

10 


22-43 

23-84 

23-40 

11 


21 -.W j 

23-99 

»21 

12 


! 

24-14 

23-06 

13 



23-84 1 

23-21 

14 



23-84 

23-28 

16 



23-54 

23*38 

16 



23-24 

23-63 

17 




23-83 





24-13 





23*83 



21-07 

22-57 

22-66 

21-02 

20-33 

22-57 

22-75 

21-02 

20-49 

22-27 

22-63 

21-27 

2014 

22*57 

22-93 

21*57 

19-09 

22-57 

22-94 

21*87 

18-99 

22-57 

23-32 

22*42 

20-14 

22-67 

23-57 

23*02 

18-09 

21-99 

22-94 

23*62 


21-99 

21-82 

23-32 


21-39 

22-13 

22*36 



22-68 

22-76 



23-91 

23-36 



24-51 

23*86 


1 

• 1 

24-21 

24-90 



23*36 

24-26 

1 



24-56 




23-99 

\ 

i-: 

1 

1 

1 
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AORlCtTlTURAL JOURNAL OP INDIA 


[XIV, in 


Table 111 . — (CofUd.) 


No. of 
inter- 
uode 
from 
bottora 


Total Molids caloulatod as Hucro.se 
at 28'»C. 


9-12.15 ! 6-116 10-2-16 9-3-16 


No. of 
inter- j 
node > 

from j 

bottom! 10.1215 


Total solids oaloulated as sucrose 
at 28®C. 

% 


17-1-16 12-2-16 10-8-16 


Mooali. 


Purple Mauritius. 


1 

19-79 

21-67 

20-80 

20-43 

1 

19-64 

23*34 

23-32 

23-10 

o 

19-80 

21-69 

20-80 

20-73 

2 

19-38 

2-1-02 

23-92 

22-85 

3 

19-32 

21-69 

21-38 

21-08 

3 

20-05 

24-04 

24-22 

22-50 

4 

17-52 

21-69 

21-39 

21-32 

4 

19-85 

24*04 

24-52 

22-85 

.5 

lt<-12 

21-39 

21 -6« 

21-62 

5 

19-78 

24*07 

25-12 

22-70 

6 

18-12 

21-12 

21-99 

21-93 

6 

19-38 

26-11 

25-67 

22-52 

7 

16-12 

20-52 

22-20 

21-93 

7 

18-59 

27*01 

26-31 

22-39 

8 

16-27 

20-52 

22-20 

- 22-23 

8 


27-27 

27-21 

22-54 

9 

16-27 

20-52 

22-26 

22-24 

9 


27-03 

27-46 

22-91 

10 


20-52 

22-57 

22-23 

10 


?7-03 

27-76 

23-17 

11 


20-52 

22-S7 

22-23 

11 



27-21 

24*07 

12 


20-52 

22-93 

22-48 

12 



26-91 

24*41 

13 


20-52 

i 23-21 

j 

22-78 

13 



26-31 

25*01 

U 



22-84 

22-68 

14 


1 

25-41 

j 25*59 

15 


• 

22-23 

22-93 

15 



i 

26-19 

16 



21-54 

23-13 

16 




26*79 

17 



21-02 

23-13 

17 




26-10 

18 



19-86 

23-13 

18 




25*93 

19 



19-86 

23*38 

19 




25-29 

20 



1 

19-86 

22-78 

20 




25-04 

21 



1 

I 

j 22*19 

1 

21 




24-44 

22 




1 21*89 

1 



! 




STUDIES IN THE CHEMISTRY OF SUGARCANE 409 

Table III. — {Contd.) 


.. . Total solids calculated as Buorose 

at28®C. 

inter- 0 / 

node 

No. 0 ! 
inter- 
node 
from 
bottom 

Total solids calculated as sucrose 
at 28‘’C. 

0 / 

/o 

bottom jo.i2-16j 

17-1-16 

11-8-10 

11-3-16 

12-12-15 

12-1-16 . 11-2-16 

12-»*16 


Run Spobts op Stbipbd Macbitius. Java Hbbbai.. 


1 

18*42 

18*71 

20*13 

20-10 

1 

, 20*78 

17*85 

18*61 

19 23 

2 

18*70 

; 18*65 

20*32 

! 20*27 

2 

20-00 

21*35 

19*86 

19*88 

3 

18*40 

19*28 

20*42 

j 20*07 

3 

19*92 

21*35 

20*11 

19*88 

4 

17*92 

19*28 

20*43 

20-07 

4 

1 19*93 

21*35 

20-41 

10-63 

5 

17*07 

19*64 

20*73 

19*82 

6 

; 20*83 

22*51 

20*71 

19*57 

6 

17*56 

19*86 

21-08 

10-60 

6 

20-83 

22*52 

21*31 

19*31 

7 

17*55 

19*26 

20*73 

19*85 

7 

19-71 

21*37 

21*61 

19*31 

8 


18*36 

21*08 

! 20-10 

8 

19*71 

22*89 

22*09 

19*61 

0 


18*96 

21*33 

20*40 

9 


22*24 

22*42 

19 -oe 

10 


19*85 

21*63 

20*40 

10 


21*71 

22*21 

20*21 

11 


20*80 

21*93 

20*70 

11 


21*41 

22*47 

20*61 

12 


20*15 

22*33 

21-08 

12 


21*38 

23*76 

20-21 

13 


19*26 

22*78 

21*33 

13 


21*38 

23*07 

20*61 

14 



22*48 

21*08 

14 


20*83 

23*36 

20*81 

15 



22*23 

20*73 

15 


i 

23*14 

21*16 

16 



21*03 

21*08 

16 



22*76 

21*45 

17 



21*08 

21*33 

17 



22*42 

21*71 

18 



20*33 

21*08 

18 



21*87 ; 

22*31 

lO 



19*88 

21*63 

19 



21*57 j 

22*90 

20 




21*93 

20 



21*27 1 

1 

23*25 

21 




22*48 ^ 

21 



20*67 j 

23*50 

2 




22*78 

22 

1 



23*80 

28 




23^2 

23 

1 

i 


1 


24 




22*82 

24 

i 


i 

1 


26 




22*31 

25 

I 

1 

1 

i 
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Table III. — (Contd.) 


No. of 
inter< 
node 
from 
bottom 

Total solids calculated as i 
at28®C. 

o/ 

fo 

sucrose 

No. of 
inter- 
tiode 
from 
bottom 

1 Total solids calculated as sucrose 
at 28‘’C. 

% 

18-12.16 

1 ‘:o.M6 

17-2-16 

17-3.16 i 

j 

1 22-12-15 

20-1-16 

18-2-16 

1 

16-3-16 



Majorah. 




Kabia. 



1 

18*06 

18*66 

18*62 

18*63 

1 

17-63 

. . 

18*63 

18*78 

2 

17*97 

18*56 

18-62 

18*63 

2 

17-02 

18*61 * 

18*63 

19*08 

n 

17*67 

18*25 

18*63 ‘ 

18*63 

3 

16*90 

18*93 ; 

19*23 

19*38 

4 

17*93 

18*65 

18*93 

18*63 

4 

17*05 

19*25 

19*78 

1 19*68 

5 

18*18 

18*28 

18-93 

18*63 

5 

i 16*75 

19-86 

19*78 

i 20*03 

6 

18*28 

17*98 

19*23 

18*63 

6 

16-15 

20*15 1 

20-23 

20*31 

7 

16*93 

17*98 

18*93 

18*44 

7 

16*48 

21*05 1 

20*43 

20*61 

S 

16*84 

17*71 

19*23 

18*34 

8 

16*13 

21*05 

20*48 

20*31 

0 

16*88 

17*71 

19*22 

18*04 

9 

16*88 

21*36 1 

20*73 

, 20*06 

10 

14*96 

17*72 

19*52 

17*94 

10 

15*88 

20*80 

1 21*08 

19-45 

11 

14*62 

17*74 

19*31 

17*77 

11 

14*58 

19*85 

21 *,33 

19*75 

12 

14*62 

17*75 

19*49 

17*77 

12 



21*63 ; 

20*36 

l.-l 

14*35 

18*05 

19*88 

18*07 

13 



21 *33 

20*65 

14 

14*03 

18*35 

19*63 

18*17 

14 




j 2(>95 

15 

13*71 

18*05 

19*23 

18*37 

15 




21*30 

16 

13*22 

17*75 

19*49 

18*67 

16 



i 

21*85 

17 

12*12 

17*10 

19*84 1 

18*97 

17 



i 

1 


18 


17*10 

19*84 

19*21 

18 




1 

19 


16*60 

19*94 

19*31 





1 

20 


15*85 

' 20*09 

19*46 



1 

! 



21 



1 19*84 

19*61 



1 



22 


i 

19*14 

19*96 



! 



* 2.1 



1 19*14 

2021 






24 




19*96 



1 



2.5 




19*61 






26 




19*31 






27 

1 



i 

19*01 

1 
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Table III. — (Contd.) 


No. of 
inter- 
node 
from 
hettom 

Total Hoiidis calculated as Mucrose 
at 28°(\ 

«/ 

/O 

No. of 
inter- 
node 
from 
bottom 

; Total Holida calculated as sucrose 
! at 28^0. 

o/ 

/o 

22-12-1.5 

24-MO 

18-2-10 

j 21-3-16 

1 

j23-12-15 

i 24-1-10 

1 

19-2-10 

21-3-10 


Kaludai Boothan. 




Ohittan. 


1 

19*28 

! 19*71 

20*10 

22*09 

1 

21*51 

23-80 

23*02 

23-47 

2 

18*09 

20*;50 I 

20*43 

22-38 

2 

21*41 

24*70 

24*22 

23-20 

:i 

IH-28 

I 20 -.59 j 

20*73 

22*38 

.3 

22*04 

24*40 

24*22 

22*97 

4 

18*97 

2(»-58 1 

21*08 

22*38 

4 

22*48 

24*40 

24*55 

23*24 

ii 

18*07 

19*98 

21*07 

22*38 

5 

23*10 

24*10 

24*26 

22*99 

a 

17*47 

20*50 

2V32 

22*08 

0 

22*85 

24-38 

24*66 

22-65 

7 

17-48 

2t»r)2 

21*31 

22-68 

7 

22*51 

24*17 

24*00 

22*35 

8 

17*4.5 

20*84 1 

21 .59 

22*42 

8 

21*99 

24*34 

24-35 

22-65 

U 

10 -.50 

2112 ' 

21 .59 

22*70 

9 

21-08 

24*32 

24*65 

23-06 

10 

10.50 

; 19*92 ' 

1 

21*89 

22*48 

10 


24-60 

24*83 

23*32 

11 



22*09 

22*23 

11 


24-90 

24*92 

23*03 

12 



21*89 

22*23 

12 


24*30 

25*12 

24*08 

i:i 



21*29 

21*93 

13 


23-40 

25*37 

24*55 

14 



20*09 

22*40 

14 



26*02 

24*89 

ir» 


1 

1 

1 i 

20*09 

22*78 

15 - 



24*82 

25*19 

10 




23*12 




24*22 

24*59 

17 

I 




22*47 

17 




23*39 

1 

18 

i 

! 

1 


21*92 

18 




22*79 

10 




21*33 

19 i 

i 



22*24 
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Table III. — (Gontd.) 


No. of 
inter- 
node 
fh>tn 
bottom 

Total solids calculated as sucrose 
at 28'‘C. 

% 

No. of 
inter- 
node 
, from 
bottom 

Total solids calculated as sucrose 
at28'’C. 

% 

23-12-15 

25-1-16 1 25-2-16 j 24-3-16 

23-12-16 

25-1-16 

24-2-16 

23-3-16 


Pui d Fiji B. 


1 

22*92 

22*71 

22*94 1 

23*01 

1 

22*30 

24*61 I 

24*36 

24*47 

2 

22*92 

23*31 

22*94 j 

23*01 

2 

22*29 

24-61 

24*74 

24*18 

3 

22*92 

22*71 

23-29 j 

23*11 

3 

22*17 

23*74 

24*44 

24*21 

4 

22*93 

23*31 

22*94 

23*11 


22*02 

24*07 

23*14 

23-91 

5 

22*28 

22*41 

23-36 ! 

23*21 

6 

21-72 

22*59 

23*84 

24*21 

6 

21*73 

22-41 

23*36 

23*36 

6 

21*12 

22*97 

23*54 

23*91 

7 


22*41 

23-16 

23*36 

7 

20*87 

22*63 

23*84 

23*61 

8 


21*86 

23*36 

23*61 

8 


22*33 

24*14 

23*36 

9 


21*26 

23*61 

23*61 

9 


21*79 

24*44 

23*01 

10 



23*81 

23*81 

io 


21*49 

24-74 

22*71 

11 



23*36 

23*61 

11 


21*49 

26*14 

22 * 46 . 

12 



22*61 

23*91 

12 


21*49 

26-69 

22-16 

13 



22*16 

24*31 

13 


21*19 

26*24 

21-66 

14 



21*86 

24*81 

14 



25-89 

21*85 

15 



21*66 

26*41 

16 



' 26-69 

21*66 

1 

16 



20*96 

24*61 

16 

1 

1 


25-04 

22*16 

17 




23*91 

17 

j 

i 

i 

^-44 

22*46 

18 




23*91 

18 


i 

23-84 

22*76 

19 





19 



23-64 

23*60 






20 



22-94 

23*36 






21 




23*91 






22 




24*61 


1 


1 

1 


23 




1 24*81 






24 




24*21 




1 

1 

1 


26 




23*61 






26 




23*01 




1 

^ i 


27 




22*71 
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Table III. — {CovUd.) 


[No, of 
inter- 
node 
from 
bottom 

Total solids oaloulated as 
at 28°C. 

% 

sucrose 

March 

No. of 
inter- 
node 
from 
bottom 

Total solids calculated as sucrose 
at 28®C. 
o/ 

/o 

29-12-16 26-1-16 

1 

1 26-2-16 

30-12-16j 28-1-16 

; 25-2-16 

j Maroh 



Bodi. 




Yuba. 



1 

•• 

•• 

•• 


1 

19-03 

• • 

• • 


2 

• * 

• • 

• • 


2 

19-09 

.. 

.. 


3 

16-63 

.. 

.. 


3 

19*74 

.. 

• . 


4 

15-29 

.. 

. . 


4 

19-41 

18*99 

18-48 


5 

16-01 

17*82 

. . 

! 

5 

19-09 

18*09 

18-18 


6 

14-92 

17*82 

17-91 

i 

6 

18-79 

18*41 

18*18 


7 

15-02 

181S 

18*11 


7 

18*79 

18*42 

18-22 


8 

15-02 

18*15 

17-91 


8 

18*49 

18-72 

18-32 


9 

16-02 

18*18 

18-25 


9 

19*39 

19-02 

18-18 


10 

14*77 

17*88 

17 96 

6 

10 

19*09 

19*05 

18*48 


a 

14-37 

17-58 

18-15 

1 

11 

18*79 

19-35 

18-78 






a 






12 

14-07 

17*58 

18*26 

1 

12 

18*19 

19-39 

19-08 


13 

15-02 

17-88 

18-00 


13 

18-19 

19-09 

18-78 

1 

14 

13*72 

17-68 

18-26 

-d 

S 

14 

17*89 

19-39 

19-08 

s 

JS 

15 

13-78 

17-89 

18-40 

S 

M 

15 


19-74 

19-38 

2 

Q 

16 

14-06 

18-19 

1 

18-56 

O 

£ 

16 


19-09 

19-68 

8 





2 





.1 

17 

14-36 

18*19 

18*65 

2 

17 


19*09 

20*03 

a 

•I..* 





S 





o 

18 

14*06 

! 18*79 

18-25 1 

.1 

18 


18-49 

20*23 

Z 

19 

14*03 

19*09 

18-25 

•2. 

o 






20 

13*33 

19*09 

18*25 

i ^ 






21 

12*66 

19*39 

18*25 






1 

22 

12*65 

19*09 

18*65 

j 


1 



1 


23 


18*49 

18*65 ; 







24 


18*19 

19*16 


I 





25 


17-49 

19*45 







26 



19-76 







27 



19*30 



i 




28 



18*86 


1 
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No. of 
inter- 
node 
from 
bottom 


Total solids calculated as sucrose 
at 28°C. 


31-12-151 27-1-16 4-3.16 March 


No. of 
inter- 
node 
from 
bottom 


Total solids calculated as sucrose 
at 28‘^C. 


30-12-15 29-1-16 6-3-16 March 


Gheki. 


Naroori. 


1 

1602 

17-65 

19*23 


1 

19*91 




2 

16*02 

17*20 

18*93 


2 

18*26 




3 

16*02 

17*20 

18*11 


3 

17*66 


. . 


4 

15*40 

16-90 

18*75 


4 

17*66 




r> 

15*42 

17*20 

19*08 


5 

17-51 




6 

15*07 

17*52 

19*08 


6 

17*31 

17*59 



7 

1606 

18*09 

18*78 


7 

17*01 

17*59 



8 

14*09 

18*39 

18*97 


8 

16*98 

17-24 

17*52 


0 

12*70 

18*65 

19*13 


9 

16-02 

17*59 

17*55 


10 

1210 

18*95 

19*30 

O 

g 

10 

16*37 

1819 

17*55 


11 


18*35 

19*40 


11 

16*67 

17*59 

17*24 


12 


18*05 

19*30 


12 

16*01 

17*24 

17*24 


13 


17*45 

19*40 

o 

«*-l 

13 

16*64 

16-94 

17*59 











o 

14 



19-76 

A 

14 

17*59 

16*94 

17-80 

2 

15 



20*10 

M 

15 

16*94 

16*64 

17*93 


16 



19*45 

rs 

16 

16*34 

16*84 

17-94 

9 

17 



18*55 


17 

15*33 

16*94 

17*87 


18 



17*60 

s 

18 

15*32 

17*24 

17*97 

2 

19 



! 

<0 

19 

15*02 

17*59 

17*67 

I 

20 





20 

14*69 

17*94 

17*87 

.1 

21 





21 

14*33 

17*89 

18*01 

.5* 

22 





22 

12*92 

18*19 

18*00 

0 





§ 

23 

12*30 

18*49 

18*31 






V 

24 

10*40 

17*89 

18*48 







25 

10*03 

17*24 

18*63 



I 

1 



26 

9*04 

17*59 

18*78 



[ 



525 

27 


16*94 

18*63 







28 


15*99 

18*93 





i 


29 



18*93 j 




1 

[ 


30 



19*13 







31 



18*93 





1 


32 


i 

1 

18*63 
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Table 111 . — {Concld.) 


No. of 
inter- 
nodo 
from 
bottom 

Total solids calculated as sucrose 
at 28°C. 

% 

No. of 
inter- 
node 
from 
bottom 



Total solids calculated as sucrose 
at 28°C. 

% 

3M2-15 

27.M() 7 . 3 .IG 

241216 

25.1-16 ’ 

j 

24-2-16 

25-3-16 


Chin. {Aligarh,) J. 247. 


1 

19*25 

•• 



1 

21*51 

21*90 

21*88 

21*72 

2 

19*25 




2 

20*95 

21*88 

21*58 

21*22 

3 

19*25 

18*96 



3 

20*70 

21*27 

21*60 

21*12 

4 

19*61 

19*26 



4 

20*35 

21*01 

21*60 

21*72 

6 

19*25 

18*95 

18*93 


5 

19*78 

20*35 

21*30 

21*75 

6 

19*85 

19*25 

18*93 


6 

19*63 

19*78 

21*30 

21*17 

7 

19*59 

19*60 

19*23 


7 

19*18 

19*43 

21*06 

20-59 

H 

19-59 

19*85 

19-53 


8 

20*40 

19*15 

20*72 

19*74 

0 

19*24 

20*15 

19*87 


9 

16*60 

19*16 

20*43 

19*09 

10 

19*59 

19*85 

19*51 


10 

16*20 

18*83 

19*71 

18-23 

11 

IH-24 

20*15 

19*86 

0 

11 

16*85 

18*83 

19*91 

18*53 





u 






12 

ie-24 

20*45 

20-11 

0 

12 

16*86 

18*48 

19*56 

18*27 

13 

18*95 

20-80 

20*37 

S, 

13 

14*91 

18*23 

19*27 

18*27 











14 

18 65 

20*45 

20*22 

"s 

8 

14 


18*23 

18*67 

17*32 

15 


20*80 

20*33 

.1 

15 


17*63 

18*36 

17*02 





0 






16 


20*15 

, 20*03 

0 

16 



18*11 

16*42 









1 


17 


21*05 

! 20*29 


17 



17*46 

15*82 

18 


20*80 

20*29 


18 



1 17*06 

16*82 

19 


i 

20*59 


19 


\ 

1 

16*41 

15*82 

20 

1 


20*94 


20 


1 

1 

1 

16*07 

21 



1 21*19 


21 



1 

! 

15*47 

22 



21*49 




i 



23 



20*94 







24 



20*29 







25 



19*09 





i 



THE EFFECT OF SALINITY ON THE GROWTH 
AND COMPOSITION OF SUGARCANE 
VARIETIES. 


BY 

K. KRISHNAMURTI ROW, D. Ag., 

Chemical Assistant to the Government Sugarcane Expert, Madras. 


During 1913, in a portion of Block II (Fields Nos. 3, 12 and 13) 
of the newly acquired Cane-breeding Station, Coimbatore, some 
sugarcane varieties and seedlings were planted. Of the thick 
cane varieties, imported or local, many died, and the few that came 
up were very unhealthy with pale or yellow leaves, and had a stunted 
growth. The North Indian thin indigenous cane varieties came up 
better, but not to the standard expected (Plate IX). Our seedling 
canes too fared no better on this piece of land, though on a portion 
of Block I (Field No. 7) the same seedlings came up satisfactorily. 
To study the causes of the unsatisfactory growth of canes in Block II, 
and to find out what sort of varieties come up and what not. Field 
No. 3, as representing Block II, was set apart, and on small plots 
of it year after year some varieties and seedlings were grown under 
the same conditions as existed when the estate was taken over. 

Growth op canes in Blocks I and II compared. 

As a result of our experiments during the years 1914-18, it 
may be stated that thick juicy varieties as a rule dp not come up on 
Block II (Field No. 3). Below is giyen a list of varieties that failed 
to grow and of those that came up well. 

( 476 ) 











OROWTH OF CANES IN BLOCKS I & II (saline) 


CHART 1. 
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Bhch 11 {Field No. 3) irrigated 

Vaeibtibs that failed to grow. 

Kanin, Chittan, Kaludai Boothan, Poovan, 

B. 208, Purple Mauritius, Magh, Bogapura, 

J. 36 and D. 74. 


Varieties that oahe up fairly well. 

Cheni, Naanal, Katha, Saretha, Putli Khajee, 
Hullu Kabbu, M. 1017, Jagannathia, Dhor 
(Seoni), M. 1826, M. 19 and M. 2104. 


hy Wdl No. 3 (saline water). 

ThEIB OENERAt. OHABAOTEIU8TI08. 

These are soft, thick canes containing from 
10 to 16 per cent, of fibre, 15 to 20 per cent, 
of sucrose, and giving 65 to 76 per cent, of 
juice. 


These are harder, thinner canes, contain from 
15 to 20 per cent, of fibre, 13 to 16 per cent, 
of sucrose, and give 40 to 55 per cent, of 
juice. 


In order to make a detailed study of the differences in growth, 
etc., of canes in Block II (Field No. 3) and in Block I (Field No. 7), 
half a dozen varieties which had done well in Field No. 3 were chosen. 
They were planted and harvested on the same date on both the 
fields and their after-cultivation was also similar. The growth, 
etc., of the above varieties are hereunder compared. (Chart I.) 



stand I^engtli | Thickness j Av. wt. Habit | Stanrl j Length I Thickness Av. wt. | Habit 




♦ Stray vigorous seedlings obtained from thick parents like Ashy and Striped >faiiritiu6 and Chittan and which are quite unlike their 
parents in vigour, etc. 







LESS SALINE PLOT (BLOCK I), 1915-16. 


PLATE XL 



Putli Khajee. 


Kntha. 
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From the above, it will be seen that cane varieties in Block 1 
were one and a half times as tall and twice as heavy as those 
grown on Block 11. In Block 1 the plants were more vigorous and 
had full stand, and, as already noted, thick cane varieties (Vellai, 
D.74, etc.) which do not come up at all in Block 11 come up in Block 1 
satisfactorily. (Plates X and XI.) 

ReA.SONS for THE DIFFERENCES IN GROWTH. 

The reasons for the poor growth of cane varieties in Block 11 
(Field No. 3) will be made clear if we compare the composition of the 
soil and irrigation water of that field with that obtained on Block 1 . 


Aiuilysts of soil and sub-soil of Blocks I and 11. 




1 Block 

I 

Block il 



Surface* 

soil 

Sub soil 

Surface 

soil 

Sub-soil 

( al. carbonate 


tP018 

0*009 

0*018 

0*018 

.Vlag. carbonate 



0004 

0*CK)8 

0*008 

Sod. carbonate 


0*001 

0*008 

0*(KK{ 


Sod. sulphate 


0011 

0 00<> 

0*024 

0*(K>2 

Sod. chloride 


0*021 

0*012 

0*001 

o*or»:i 


'I'oTAL .SOLI os 

OOS’i 

0*070 

0*170 

0*140 


Examimlion of latfcrs of soil in pits dug in Blocks I and II. 


Block I 


Block JI 


Noil 


Fine ml silt uniform 
throughout 


Blackish, fairly stiff soil contain 
ing at a depth of about 2 ' from 
the surface a hard layer of 
stiff soil incapable of 
free drainage. 


Average percentage of chlorine in t>’03 0*1 1 

the 6 layers. 

Average percentage of total solids n‘47 

in the 6 layers. 


From the above analyses of soil, sub-soil and of pits, it will be 
seen that in Block 11 the percentage of sodium chloride in the surface 
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layers is more than three times tliat of Block 1, and in deeper layers 
of pits it is worse still, containing nearly six times that of Block I. 
But for this sodium chloride, other salts present are not in any 
great excess in Block 11. 

Composition, of wdl maters <f Blocks I and II. 

JiUJCK I Blocjk II 

I (Well No. I) I (VVellNo. ;{) 


(In 100,000 ])arts of water) 


Cal. carbonate 

21-42 

20-80 

Mag. carboiiatu 

11-07 

20-50 

Sod. carbonate 

MKJll 


Mag. sulphatt; . . 

. . 

11-85 

Sodium Hiilphato 

io-:i7 

48- JO 

Sodium cliloridc 

:i 2 -r>s 

1 

I8S-08 

Total solids (by evai)oration) 

1 

1)1 -00 

;u2-oo 

Total injurious salts 

:>:i-:i4 

248-00 


The presence of 1S8‘98 parts of sodium chloride in 100,000 
parts is certainly very high and should have been the chief cause for 
the poor growth of canes observed in Block 11 (Field No. 3). It is 
observed in an article by the author oii “well waters” in the 
Madras Agricultural Htudetds’ Union Joarnnl (pages 20-28, January, 
1914) that canes grown under a well containing more than 70 parts 
of sodium chloride at tSaipakulam Agraharam were not doing so 
well as those which contained smaller quantities of the above salt. 
The evil effect of irrigating lands with such saline water, especially 
when the soil is fairly stiff as in Block 11, is to produce an efflores- 
cence of a peculiar kind of soft brownish earth, very powdery, on the 
sides and tops of ridges(see Text-figure). This kind of efilorescence 
was practically absent in Block 1. The powdery earth was 
carefully scraped, sampled and analysed wuth the following 
result ; — 
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Analysis of the saline efflorescence found in Block II. 


Liino (CaO) 


f)or cent. 

MO 

Magnesia (M^O) . , 

... 

0-43 

Potash (K,()) .. 


0-02 

Carlmnic acid (CO.J 


0*01 

Sulphuric acid (SO.,) 


0-57 

Chlorine (Cl) 


3*83 

>3'itrates (hy Nitrometer) 


0*43 


Tho above analysis confirms that the chief cause for the bad 
growth of catte in Block II is chlorine. 



Saline efflorescence in Block II. 
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It may be interesting to note in this connection that aii analysis 
of the water that was dripping from the other end of cane on cru^- 
ing, showed that 60 per cent, of the soluble ash was sodium chloride 
{vid-e page 390 (1915) of the Madras Agricultural Students’ Union 
Journal). 

If we now take into consideration all the above factors which 
go to smother the growth of cane in Block II (Field No. 3), it may be 
inferred that the chief source of all our troubles is the nature of 
irrigation water of Well No. 3, and that the chief injurious ingredient 
of this water is chlorine. Other contributory causes, viz., saline 
nature of soil layers in pits, the very badly saline nature of the 
efflorescence, etc., may all be traced to this bad irrigation water. 
The indifferent drainage of Field No. 3, due to the presence of a hard 
stiff layer at a depth of about two feet, may have also contributed 
to the bad growth. 

Effect op saline conditions on the a.sh op cane 

JUICES. 

To determine how the saline conditions above referred to affect 
the composition of sugarcane juices, the following experiments 
were made. One hundred c.c. each of the juices of Cheni, 
Tern, and Katha varieties were evaporaterl to dryness and ignited. 
The quantities of inorganic salts found in the above are given 
below : — 


Particulars 


Varieties 

Cheni Teru Katha 


Lime 
Magnesia 
Phosphoric acid 
Sulphuric acid 
Chlorine 
Potash 

Undetermined 

Total percentage of ash 


0-023 I 0037 0-036 

0-067 I 0-083 0-074 

0-079 I 0-069 0-081 

0-132 [ 0-062 0-087 

0-266 I 0-234 0 366 

0-360 ; 0-314 0-396 

0-068 j 0-079 0-160 

.. . 0-976 I 0-868 1-187 

I 


The above analysis gives one an idea of the large percentage 
of chlorine in the juices of canes grown under saline conditions. 




CHART II. 




naavK-mnnH 


33rVHM-n ifid 
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How these same varieties would fare if grown under better conditions 
could not be ascertained, as we had no duplicate plot then. In the 
year 1917-18, as already noted, we had a duplicate plot of Block I. 
Below is given a comparison of the chlorine contents of the same 
varieties grown under different conditions (Chart II). 


Varieties 

Block I 

Block II 

Total solids 

Chlorine 

Total solids 

Chlorine 

Dhor (Seoni) 

0-707 

0-144 

0-918 

0-316 

M. 1826 

0-766 

0-135 

0-810 

0-218 

Jagannathia 

0-846 

0-136 

0-959 

0-313 

Putli Khajee . . . . 

0-955 

0-204 

1-073 

0*346 

Hullu Kabbu . . , 

1-039 

0-138 

1-139 

0-426 

Averaojc . . ! 

1 

•• 

0-151 

j 

0-324 


From the above it will be seen that the average percentage 
of chlorine obtained in the ash of cane juices of varieties grown 
under saline conditions is more than double that obtained in the 
duplicate plot (Block 1). Again, a reference to the detailed analysis 
of ash shows that juices which are highly charged with chlorine 
also contain a high percentage of potash (Chart 111). 


Cheni 





Chlorine 

0-266 

Potash 

0-360 

Teru 

, , 

, , 

, . 

, , 

0-234 

0*314 

Katha 


, , 

. , 

, , 

0-355 

0-396 


Figures of fiirther analyses made to confirm the above results 
are — 


Jar* . . . . . . 0-088 0-14 

Poovan . . . . . . 0-095 0-18 

M.S013 .. .. 0-280 0-41 


The presence of chlorine in the juices, as already mentioned, 
is due to the large amount of that element in irrigation water and 
in the soil. But the presence of large percentages of potash in the 
juices IS not so easily explained. Fortunately, this question has 


beeii tackled by Geerligs (page 586, Iwter. Sugar Journal, 1905), and 
1^ iiivcstigations on the inflnhnoe of soda salts on the constitution of 



Bis conclusions are : 
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" From these investigations we draw the conclusion that sodium 
chloride extracts potash, lime and magnesia from the soil, and puts 
these at the disposal of plants ; and next, that sugarcane 
assimilates in the first place the potash, in a much inferior degree 
lime and magnesia, and finally, if there is nothing else to be had, also 
soda, etc.” Thus the presence of potash in a marked degree in the 
juices of canes grown under saline conditions has been traced to be 
due to sodium chloride present in large quantities in irrigation water 
and in the soil, and as large quantities of potash co-exist with large 
quantities of chlorine, it suggests itself that an analysis of any one of 
the above ingredients may give one an idea of the quantity of 
the other. 

The determination of potash is not easy and entails tedious 
processes ; so the choice fell on chlorine. Even in this, the usual 
method of determination — evaporating the juice to dryness, igniting 
the same and then titrating the water extract against silver nitrate 
solution — ^is not quite feasible in an ordinary field laboratory. Again, 
as sugarcane juices are generally acid in reaction and also turbid, 
without neutralization and clarification, a sharp end reaction with 
silver nitrate solution cannot be obtained. The usual basic lead 
acetate cannot be used for clarification purposes, as chlorides present 
in the juice will be precipitated as lead chloride. After many trials, 
the following method that is found to give fairly satisfactory 
results was adopted. 

Direct method op determining chlorine in cane 

JUICES. 

Fifty c.c. of the sugarcane juice to be examined were 
measured out into a 100 c.c. measuring flask, neutralized with 
pure lime water, 25 c.c. of alumina cream added, and the whole 
then made up to 100 c.c. with distilled water. This was then trans- 
ferred to a beaker and kept covered on a sand bath for some 
time till albuminoids, etc., in the juice began to coagulate and 
settle down. On filtration the filtrate was found to be clear 
^d ready for titration. For impure juices a small quantify 
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of bone char may be necessary to ensure a cleat filtrate. Twenty- 
five c.c. ol this filtrate — equivalent to 12^ c.c. of the original 
juice — were taken and titrated against decinormal silver nitrate 
solution. 

The above method of determining chlorine dire<tly in the 
juice saves much time and can be undertaken side by side with 
the usual juice analysis in any field laboratory where facilities for 
(waporating and igniting the juice do not e.xist. Though this method 
gives slightly higher percentages than that obtainerl by the ignition 
method, as will be seen hereafter, the results obtained give one a 
correct i<lea of the relative quantity of chlorine in the juice— the 
main object aimed at. 

ThK USl’AL KJNITION METHOD .\ND THE ALUMINA CREAM 
METHOD COMPARED. 

To ascertain th(^ differences in the value of chlorine obtained 
in the two methods, it was determined by the usual evaporation 
a,nd ignition method at the chemical laboratory by one 
assistant, and by the lime W'ater alumina cream method at the 
{'ane-brecding Station field laboratory by another with the following 
rcstdt (Chart IV):— 


Chlorine obtained in JOO c.c. of cane juice. 


Variety 

Ignition method 

Alumina cream and lime 
water method 

Java 

0*090 

01 10 

Poovan 

0*095 

0*120 

Saretha 

0*180 

i 0*210 

M.2013 

0*280 

0*340 

Dhor (Seoni) . . . . j 

0*316 

0*381 

M. 1826 

0*218 

0*285 

Jagannathia . . . . 

0*313 

0*36(i 

Putli Khajee . . . . 

0*346 

0*408 

Hullu Kabbu . . 

i 0426 

0*600 


Average of a set of another 5* analyses of the above varieties in the duplioate'plot. 

♦ Dhor (Seoni), M. 1 826, Jagan- 0*151 0*1 79 

nathia, PutU Khajee, Hullu 
Kabbu. I 

Average of all the above. . | 0*216 0*258 

It is seen that the percentage of chlorine obtained from 
the ignition method is about 16 per cent, less than that obtained 

8 
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by the alumina cream method. Ae the ingredients used were pure, 
it is presumed that this may be due to the loss of a small quantity of 
chlorine in the ignition method by volatalization, and to the precipi- 
tation of some other substances of the cane juice by silver nitrate 
in the direct method. 

Having traced the poor growth of tiane in Block II (Field 
No. 3) to be due to the very badly saline conditions under which 
they were grown, and having shown that such canes contain in their 
juices large percentages of chlorine, it is now proposed to compare 
in a general way the amount of chlorine which the different varieties 
are capable of taking from the soil and the effect of chlorine on the 
sucrose, glucose, and purity of the cane juices. 

'I'HK amount op chlorine absorbed by DIFFERENT VARIETIES 
AND ITS EFFECT ON THE SUCROSE, GLUCOSE, ETC., 

OF CANE JUICES. 

Chlorine contents of good tliick juicy varieties under saline 
conditions obtained in Block II could not be estimated, as they do not 
grow at all under such conditions. But to show in a rough way that 
they are not capable of absorbing much chlorine, 1 give below some 
chlorine results of thick cane seedlings grown on Block I. 


Thick cane seedlings and varieties. 



1 


' ' 1 

Silvef nitrate required | 



Variety 

Seedling 

for 100 c.c. juice (by j 

Chlorine in 100 c.c. 


No. 

the alumina cream 

of juice 




method) 

Karun 


1313 

36-8 

! 013 



1279 

26-0 

' 009 



885 

30*0 

Oil 



1170 

35-2 

012 



1173 

36-0 

013 

Ohittan 


485 

27-2 

0*10 



222 

22-0 

0*08 

Java 

. « 


.... 

009 

Poovan 


• • • • j 

.... 

0*95 


Avbbaqb 

• • • # 

30*5 

0*11 This 





is equivalent to 0*09 
by the mdtkm 
method. 





SUCROSE C — ) CMUCOSE C-- --) & PURITY C--)-.OF CANES IN 

BLOCKS I ? II (SALINE) 

Av. sue. 2 ^ J lO ZO 


CHART V. 
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Thin cane varieties. 


Cheni 

Tcru 

Katha 



Block II (Fields Nos. 12 & 13). No duplicate plot. Chlorine 
got by the ignition methml 


Chlorine 
in 100 c.c, 
of juice 
0*260 
0*234 
0*355 


Naanal 
Cheni 
Katha 
Saretha 
M. 1017 



0*260 

Block II (Field No. 3). No duplicate plot. Chlorine by 0*330 
the alumina cream method 0*3»50 

0*370 

0*420 


As already noted, the amounts of chlorine absorbed by some 
North Indian thin cane varieties under saline and sweet water 
conditions are given below : - 


Varieties 

Block 1 

(sweet water conditions) 

Block li 

(F. No. 3 saline conditions) 


Chlorine 

Chlorine 

l)hor(Sconi) 

0*144 

0*316 

M. 1820 

0135 

0*218 

.lagannathia 

.. 1 0130 ! 

1 0*313 

Putli Kliajee 

.. i 0-204 

! 0*346 

llullu Ivabbu 

0-138 

0*426 

Ave age of all thin canes 

0-151 

0*340 


From the above it could be roughly inferred — 


(1) that thick juicy cane varieties absorb much less clilorine 
than thin hardy varieties ; 

(2) that chlorine contents of varieties to a great extent depend 
upon the nature of soil and of irrigation water under which they 
are grown ; 

(3) that different varieties absorb different amounts of chlorine 
though grown under the same conditions. 

Prom the figures given in the following tables it will be 
seen that the effect of large quantities of chlorine in any juice 
is to lower the values of sucrose, purity, as well as of glucose 
(Chart V). 
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Sucrose. 



Year 

iSecdliiig No. or 
} variety 

i 


Block 1 

Block II 

1913-14 


1 

17 


14-71 

12-24 



10 


15-31 

14-14 



25 


14-20 

11*80 



: 2() 


! 1 1 -75 

10-88 



27 


14-70 

11*90 



29 


14-02 

i 9-79 



30 


14*14 

15*99 



34 


14*70 

' 10*49 



37 

... 

11*68 

' 9-84 



38 


15*84 

1 3*42 



45 

•• 

1 1019 

14-57 



Avrraok 

•• i 

1 

1 

j 14*30 

12*29 

1917-18 


, Dbor (Seoni) •• 

i 

••• 1 

1 1 *78 

12*11 



; M. 1820 


14-15 

1 13*10 



.lagannathia 

•• 1 

13*33 

10*08 



I’tilli Khajee 

1 

•• i 

1 

0*4() 1 

I 9*23 



lliillu Kahlni 

! 

" 1 

14*83 

10*04 



M, 19 


11*99 

11*53 



WO 

! 

•• i 

10*44 

9*05 



5400 

1 

.. 1 

8-40 ! 

8*45 



6021 


13*60 

9*84 



7319 _ 

• . 

15*39 

9*05 



7323 

•• 

13*54 

8*44 



Average 

1 

12*45 

10*20 


Out of 22 cases considered, in 20 cases the sucrose percentage 
is higher in the less saline plot (Block I) and the average percentage 
is higher by 2 per cent. 
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GluGose and co-t'Jficfient of purity. 


\'arietu‘s ami rogues 

Block 

(jrlU(iOHe% 

1 

I 1 

Purity 

Gluoose'J^j 

3lock 11 

J^urity 

Dhor (Seoiii). . 


h02 

77*9 

9*2:1 

75*5 

.\t. 182<i 

- 

9-70 

80*8 

0*22 

7(r9 

.lagannalliia 


9 :^2 • 

81-3 

0*49 

7:1*1 

Piitli Ivliajee 


9-9S ! 

70-4 

9-4.7 

(57*8 





bi'low 


Hullu Kalilai 


0-27 1 

82-G 

9*15 

7i-:{ 

M. 19 


9 :io * 

j 

70-9 

0*2i 

L74*2 

.■>459 


9-77 i 

79*4 

9*15 

97*1* 

“>499 


1-22 

I 

9(5*7 i 

9*19 

94*8 

()(>2I 


9-97 

77*8 

! 0-17 

72*5 

7:119 


9:18 

S2*:i 

9-21 

9:1*9 

7:12:1 


114 

78*9 

9*:i9 

9:1 -.‘I 


Aveb.aoi: 

9'H9 

77*1 

0-29 

79-7 


It is natural to expect juices which contain larger amounts 
of soluhlc salts and which give lower sucrose results to give lower 
(•((-cfticients of purity. But the lower percentage of glucose obtained 
in Block II was not quite expected. On the manufacturing side 
th<^ effect of this low percentage of glucose in a juice wliich also 
contains large quantities of soluble salts is undesirable ; for this 
condition would prevent crystallization of sucrose ac;cording to the 
researches conducted liy (Jeerligs {vide pages 369 and 415, Sugarmne, 
I S95). This is due possibly to the large amount of soluble salts in 
the thin cane varieties with low percentages of glucose. The 
jaggeries obtained at the (.'aue-breeding Station do not set w'ell and 
run to liquid in course of time. 

Experiments with gypsum were conducted in 1916-17 wdth the 
\’arietie8 mentioned below under saline (No. 3 well water) and sweet 
water (No. 1 well water) conditions. Both the plots were planted 
between the 30th .June and 3rd July, 1916, and both harvested 
between 28th June and 30th June, 1917. As the analytical 
results obtained confirm the previous results, they are noted below. 
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\ 

Sweet water coNDmoua 

Saline conditions 


Variety j 



^ — 







Av. wt. 

Sue. 

Glu.* 

, Purity 

i 

Av. wt. 

Sue. 

Glu.* 

Purity 

Putli Khajee . . 

i 0-70 

ll*0(i 

0-91 

720 

1 

0-32 

8-15 

0-16 

61-1 

M. 19 

1 0*47 

1 5 ‘fib 

0-24 

83-2 

()'19 

10-75 

0-13 

69-1 

Hullu Kabbu . . 

i 0*81 

: Hi-71 

0-23 

84*4 

0-33 

11-36 

0-26? 

70-9 

Ekai 

055 

12-17 

0-39 

78-9 

0'26 

5-78 

0-10 

61-0 

T)haur Kiiiar 

1 0-32 

15-20 

0-28 

81-2 

0-22 

9-07 

0-10 

03-6 

Averag k . . 

0-57 

14-17 

0*41 

80-0 

0-20 

9-02 

0-16 

63-1 


* The glucose figures are the average* of several determinations. The figures for individual 
cases nn^ given below and they prominently bring out the fact of very low [results obtained 
under saline conditions. 


Putli Khajee .. 

1 -03 

0-08 ' 

M4 

& below I 

below , 

j 

below 


0-24 


1 


0-81 1 

1 0-16 j 

0-15 

0-18 


M. 19 

0-28 

0-25 I 

0-34 

& below 1 

below j 

below 

below 

0-23 





0-15 

0-16 1 

0-16 i 

0-16 


llullu Kabbu . . 

1 0-18 

0-31 

0-37 

k lielow 

below 

below 

' below 

0-65? 





0*15 

0-15 ! 

0-18 

! 0-16 


Kkar 

0-48 

0-40 

0-37 

k 0-26 

below j 

below ;& below 

, , 


' 



I 

0-16 1 

0-16 

0-16 


Dhaur Kinar . . 

0-43 

0-20 

0-26 

k 0-20 

below 1 









0-15 I 





From the above, it will be seen that out of 20 determinations 
only two gave below 0']5 per cent, of glucose under sweet water con- 
ditions ; whereas the same varieties under saline conditions gave below 
0*15 of glucose in 11 out of 16 determinations. 

Rf:feuences to literature on the subject. 

Geerligs ; “Generally in sngar mills where chiefly a pure and 
rich cane is crushed the juices contain little potash, while in others, 
where even the best ripened canes never rise above a comparatively 
low figure, large quantities of that element are to be found.” — 
{Inter. Sugar Journal, page 420, 1911.) 

Hilgard ; “Thecjommon beet (including the Mangel Wurzel) 

is known to succeed on saline seashore lands Such beets 

are wholly unfit for sugar-making. They are also said to be bitter 
for stock.” — {California Bulls. 128 and 133.) 
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Lehman : “ Alkaline nature of a soil gives greater soluble ash 
in canes which prevent sugar crystallizing out, and it makes the 
sugar content also low.” — (Mysore, Third Annual Report.) 

Hilgard : “ In grapes the sugar content seems to have throughout 
the tendency of decreasing with increasing strength of alkali.” — 
(California Bulls. 128 and 133.) 

Leather : “ The taste of the cane was distinctly saltish, showing 
that it is a salt-absorbing plant — a fact of some practical value. It 
may be remarked that the presence of any large quantity of these 
salts in cane juice would make it useless for manufacturing purposes. 
The percentage of sugar in the cane appears to be below the 
average.” — (Agri. Ledger, 1901.) 

Mann : “ Sugarcane, when well manured and watered, is a 
crop very resistant to damage by salt, and, as a rule, when it will 
not grow, the land can be used for little else.” — (Bom. Bull. 30 
of 1910.) 

Note . — ^Tho abovo statemont of Mann is rather exaggoratoti as wo have been getting at 
the Cane- breeding station good crops of cholam {Sorghum) and ragi {Eleuaine coracana) in 
Block 11 (Field No. 3), where gocxl thick canes do not come up at all, and where even the 
thin hardy canes only grow indifferently. 


The results of experiments by Echart at Hawaii regarding the 
effect of salt in the irrigation waters are given below : — 


Plot No. 

Salt per gal. in 
irri. water 

j 

! Lime added 

i 

Grs. of Cl. per gal. 
in juice 

Sugar per acre 

1 

None 

i 

1 No lime 

9*80 

lb. 

25,648 

2 

200 gr. 

1 Coral (powdered) 

93*10 

5,448 

3 

200 „ 

j Gypsum 

1 

84*90 

5,461 

4 

200 „ 

1 No lime 

1 

105*24 

3,715 


Note , — ^200 gr. in a gallon is equivalent to 286 parts in 100,000 parts of water. 

100 gr. of chlorine per gallon is equivalent to 0*143 gr. of chlorine in 100 o.c. of juioe, or 
equivalent to the amount of chlorine precipitated in 100 o.c. juice by about 40 c.c. of deoinormal 
silver nitrate solution. 

From the above, it is seen that in a variety of cane containing 
about 100 grains of chlorine in a gallon of juice the outturn of sugar 
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per acre is very much reduced. Also the application of lime or 
gypsum to lands irrigated by saline waters has had very little effect 
either on the chlorine content or sugar per acre. The results obtained 
on the Cane-breeding Station with gypsum go to c;onfirni the above 
statement. 

IjOW QUALITY .lAGGHRY OBTAINKD PROM NoRTH INDIAN CANES 

AT THE Cane-breeding Station explained. 

Our experience on the manufacturing side, i.e., making yar/z/cry 
from juices containing chlorine, are in conformity with the opinions 
expressed above. In a general way, it may be stated that on fields 
where the cJilorine percentage is low, e.g., Fields Nos. 9 and 24, we 
have been able to grow successfully thick cane varieties and have pie- 
])ared from them fairly good jaggery. In other fields whicli were for a 
long time under saline irrigation before they were taken up by the 
(Government Sugarcane Expert, the good varieties and seedlings w}ii«h 
did not come up at all in 1913 are now coming up fairly well under 
sweet water irrigation and other improved methods of cultivation. 
The North Indian varieties and thin seedlings w'hich were coming up 
indifferently before are coming up well now. But the jaggery 
obtained from North Indian cane varieties is still unsatisfactory. 
This show s that obtaining good quality jaggery does not depend 
iq)on the siuT-essful growth of canes only. G’he explanation foi' 
our gettijjg unsatisfactory jayyen/, especially from Fields Nos. 12 to 
20, appears to be that those fields still contain in the surface or 
deeper layers of soil fairly large amounts of chlorine, and that North 
Indian \'arieties wliicli have been shown to be more capable of 
absorbing chlorine than thick cane varieties take up sufficient 
chlorine to lower the quality of their juices and consequently give 
inferior kind of jaggery. 

Summary. 

Summarising the above it is found that — 

(1) Soft, thick, juicy varieties do not come up at all in 
saline land (Block 11, Field No. 3), while, thin hard and less juicy 
varieties come up fairly well. 
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(2) Sugarcane varieties and seedlings, i^^hicli do not conre up 
well under saline conditions (Block II), come up far better under 
less saline conditions (Block 1), and this difference in growth is 
traced to be due chiefly to sodium chloride. 

(3) The effect of saline irrigation is to give an impure jiuce 
containing large amounts of chlorine and potash, and that a 
determination of chlorine alone, which is comparatively easy, will 
give one an idea of the approximate quantity of the other. 

(4) The usual method of determining chlorine — evaporating the 
juice, igniting the same and determining chlorine in the water 
extract- - not being found quite feasible in a field laboratory, a new 
triethod of directly determining chlorine in the juice by lime water 
and alumina cream is suggested. This is found to give a correct 
idea of the relative quantity of chlorine iii juices, and is also 
quicker and better adapted to a field laboratory. 

(o) The chloritie content of a variety depends upon (</) con- 
ditions of soil, water, etc., under which it is grown, (h) nature 
of the variety itself. 

(d) The effect of large quantities of chlorine in any juice is to 
lower the sucrose, purity, atid glucose contents of that juice. 

(7) A large percentage of soluble salts in the juices of 
canes grown undei' saline c<*nditions is usually associated with 
a low glucose content and interferes with the crystiillization of 
sucrose. 

(8) The inferior kind of jafjgf’fy obtained on the (.'ane-breeding 
Station from North Indian cane varieties is due, among other factors, 
to the high chlorine content of the juic-es. determination of chlorine 
in the juice would give one an indication of the I'elative cpiality of 
jaggery one is likely to get. 

In conclusion, I beg to offer my grateful thanks to Dr. C. A. 
Barber, for giving me every facility and for guiding me with 

suggestions during the (course of this investigation. 



PROBABLE MATERIAL FOR THE STUDY OF THE 
EXPERIMENTAL EVOLUTION OF ORYZA 
SATIVA, VAR. PLENA, PR AIN. 


BY 

R. K. BHIDK. 

Afifiistant Ecommic Botanist. Bombfii/. 

Oryza satioa, var. plena, Prain. the “ double grain paddy,” is a 
variety of rice cultivated in Bengal. Agriculturally it cannot be said 
to be a desirable variety, but it nevertheless possesses an interesting 
botanical curiosity. This consists in the fact that though 
practically to all outward appearances it looks like an ordinary 
variety of rice (Plate XII, fig. 1), still usually a certain proportion of 
the spikelets in the panicle, instead of having a solitary grain, may 
contain two to five grains or so each. This is due to the fact that 
nearly every spikelet in the panicle contains two to five ovaries 
in the flowering stage (Plate Xll, fig. 3). The number of well 
developed grains per spikelet, however, is often one to three only, as 
probably all the ovaries are not in a fit condition to be fertilized 
at once or, even if they are, there is scarcely room enough for them 
to be properly developed. This variety is not grown in the Bombay 
Presidency. 

In a plot of this variety, grown at Alibag for the first time 
this year, it was found, in rare instances, that the topmost spikelets 
on a few branches of the panicle had only a single ovary with four or 
more stigmas, two or more ovaries being then vmited together. 
The number of stamens in each spikelet is usually six, but in rare 
instances it was found to be seven or eight, thus indicating a slight 
tendency in the stamens to increase their number. In a few instances. 
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KXPLANATION of PLATB XIL 
Oryza sativa* 
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1 . Normal ext.ernal appearance of a spikelet of an ordinaiy variety of 

rice. 

2. Contonts of tin*, spikelet of the same during flowering. 

.‘1. Ointents of the spikelet of the double grain paddy of Bengal. See the 
number of ovaries. 

4. Haw H|)ikelet of an ordinary variety showing one of the empty glumes 
mucli elongated. 

T). A. Spikelet of an ordinary variety showing an additional empty glume. 
B. Oontinuation of the additional empty glume from the side of the 
pedicel. 

h. A. Side view of the spikelet of an ordinary variety allowing the fusion 
<»f the additional empty glume with the normal empty glume. 

B. Diagrammatic representation of same. 

7. Spikelet of an ordinary varieity showing additional flowering glume 

and pale which are rudimentary. 

8. Another spikelet showing more developed additional flowering glume 

: and pale. 

U. Spikelet of an ordinary variety showing the doubling of the flowering 
glumes. Note the full development and the two awns. 

10, Diagrammatic representation of the spikelet in fig. 7 showing free pales 
. an<l two rudimentarv i»v}»ries. 
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the spikelets showed even a tendency to increase the flowering 
glumes and pales. A few plants were also found to show a slight 
tendency to forna clusters of spikelets near the tips of the branches, 
as found in the two varieties described next. 

One of these varieties, which is grown in the Central Provinces, 
is worth considering in this connection. This variety is called 
(bluster.” Its peculiarity is that the tertiary branches of tlie 
panicle, instead of being elongated as in the ordinary variety, are 
shortened, with the result that at their tips the spikelets are brought 
very close together, so as to give the appearance of clusters carried 
at different points, on the secondary axis. This variety also is 
not generally grown in the Bombay Presidency. 

At Alibag, in a plot of this variety also, as in that of the above, 
a tendency to have additional flowering glumes lo some spikelets 
has been noticed in rare instances. 'I’hus, both these varieties seenr 
to liave a tendency to imitate each other. 

There are a few varieties of rice in this Presidency which may be 
said to stand about half way between the cluster and the ordinary 
variety of rice. In these, instead of large clusters placed at different 
points on the secondary axis, each secondary and tertiary axis 
has only a small cluster made up of two spikelets, just at its tip. 
This is brought about by the shortening of the axis or the pedicel 
of the topmost spikelet on each branch, and the appro.ximation of 
thatspikelet to the lower one. 

In one of these varieties also, a tendency to have larger clusters 
placed irregularly anywhere in the panicle was noticed in a few 
cases this year. 

It may not be out of place to mention here that in a cross 
between an ordinary variety and the “ cluster ” the P, plant 
has small clusters near the tips of the secondary branches only. But 
in later generations we get not only “ clusters,” " ordinaries,” and 
” small clusters at tips,” but also some intermediate types. But in 
the variation obtained in the rare instances mentioned above, 
crossing was quite out of the question. 

It is needless to describe the ordinary variety of rice except 
for showing how the different parts of the spikelet stand in relation 
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tliese processes are rruicli i-educed. A flowering glume is sometimes 
transformed into a pale by the loss of its lateral nerves. Sucli an 
orgari is sometimes intermediate between a flowering glume and a, 
pale, liecause then it shows a lateral nei ve as in the flowering glume 
on one side only and not on tlie other as in Plate XIII, fig. 9.\. 

4. The number of stamens may sometimes increase. 

i). The numl)e.r of (tvaries may sometimes be doubled as in 
Plate XIII. fig. 7. aeeompaiiied by the doubling of tJie flowering 
glume and pale. 

(). The number of stigmas may increase without a,n apparent 
increase in the ovaries or the flowering glumes. Possibly this is 
due to the fusion of the ovaries. 

Although some, of thes(> variations were noticed by me. from 
t ime to t ime, in different plots at Alibag. during the last (5 or 7 years, 
still, curiously oiough, tnost of them were found to oec\ir in a marked 
degree in last October in no less than (> or 7 plots at that station. 
.Most of these plots were grown from seeds obtained from the culti- 
vators. These varieties are generally grow)) i)i the salt land along 
the ci’eeks. though 1 had giown them in sweet hind along with 
other ])lots. The following iire the names of the varieties which 
showed the above-nientioned variations: (1) Morchuka or DImk; 
{2)Morchuka; (3) Hata ; (4) Kala Mata ; (o) Dodda-Pandya ; (ti) 
Lumba sal; (7) the double gi’ain paddy of Bengal. Of these the 
last two iire grown in sweet land. No. (5 resembles the " cluster ” 
of the Centi’al Provinces. 

In the variety called “ Morchuka.” out of about 1()[) ]>lants 
some eight or ten plants showed )i sti-ong tendency in some spikelets 
to produce additional flowering glumes and pales, and soinetinies 
ovaries also. I’hey also showed the other variations mentioned 
above. Indeed the tendency to vary was so strong in theni that in 
eacii plant of the abnormal kind about 10 per cent, of the spikelets 
showed the sportive nature. In very many instances however these 
sportive spikelets were sterile, though instances with one well 
developed grain were not hard to find. Instances with two well 
developed grains liowever are rare, tliough they iire not iiltogethe.i 
impossible to obtain. Although I cannot vouch for the perfect 
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purity of the seeds as they were obtained from the cultivators, 
still very, probably this sportive tendency does not seem to be due 
to crossing. In fact, this year I could even see this tendency in 
several fields in the salt area though to a far less extent. And even 
then the percentage of abnormal spikelets in the panicles was scarcely 
two. 

From the specimens which I have collected here for sowing, 
and from the accompanying drawings it will be seen that practically 
every part of the spikelet has a tendency to be doubled. Similarly, 
all the varieties described above show the tendency to form 
additional glumes, pales and ovarie.s. They also show a tendency 
to form clusters of spikelets where they did not exist before. Thus, 
they may be said to be more or less overlapping. Whether these 
overlapping variations are due to some temporary disturbance in 
the plants, caused by an abnormal season, or they are the beginnings 
of progressive changes, has yet to be proved. 

But at least the large percentage of abnormal spikelets in the 
panicles found this year, in several plants and from several 
plots, points towards the latter possibility. It is likely that by 
these variations nature wants to effect some saving of material 
or to do more work with the same amount of material. Of course, 
the production of the additional flowering glumes, pales, stamens, 
etc., by the double grain paddy might be a retrograde step. But in 
the other varieties it is not so. In the “cluster ” there appears to 
be some saving of the material of which the axis is made. In the 
doubling of the flowering glume and pale and of the ovaries, except 
in the case of the double grain paddy, there seems to be an 
attempt not only to save the material required for the axis, but 
also that required for the empty glumes, lodicules and stamens. 
In some cases in which the pale becomes somewhat reduced, a 
saving of some of the material required for it must also take 
place. Thus in all these doubling cases the tendency to vary 
seems to be for the purpose of producing a type in the end 
which can give more seed with the same amount of material. 
Such a type, as we see, is the double grain paddy grown in 
Bengal. 
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Would it not be possible, therefore, to make use of the vari- 
ability in this particular direction and to help it on to that final 
end by selection ? Or, is it merely a dream to expect so ? It is 
just possible that it may turn out to be a dream. It may even lead 
to some interesting results, if properly followed up. My idea is 
that by growing a number of generations of the seeds obtained 
from the strongly sportive plants, and by selecting from them 
fertile spikelets with the said tendency, it may be possible in 
course of time to obtain plants resembling the double grain paddy 
of Bengal. It is true that some variations necessary to show a 
complete change from the ordinary variety to the pure double 
grain paddy have not yet been observed. Thus, 1 have not yet 
actually come across a case in an ordinary variety of rice in which 
only the ovaries have been doubled without the doubling of the 
flowering glumes and pales. Doubling of the number of ovaries 
ao(?onipanied by reduction and transformation of the glumes and 
pales can, however, be seen, and it is sufficient ground to hope that 
by examining a large number of sportive plants in flower we may 
come across the final stage. Unfortunately 1 could not examine a 
sufficiently large number of sportive plants in flower this year, 
but next year I hope to follow up that point more successfully. 
If we could only get the final stage once, there would be some hope 
of being in a position to bring about an experimental evolution 
of the double grain paddy from an ordinary variety without the 
help of crossing. 1 therefore intend to follow up this experiment 
for a few years. 
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T. V. RAMAKRISHNA .\YYAR, B. A., F. R. S., F. Z.S., 

Aefiiifi (iovenmeiil Ettiowohvjial , Madras. 

The danger of introducing new insect pests of different kinds 
from foreign sources is, nowadays, so well recognized that in most 
advanced countries, especially where scientific agriculture has made 
some progress, a system of quarantine is strictly imposed on all 
arti(dos of import which are likely to bring such pests into the 
country. Such State action would go a great way in checking the 
entry of alien insects, especially those which are known to he 
had in other countries, and which, if allowed entry, might 
heconre a regular menace to agriculture. Well-known examples of 
unconscious introduction of undesirable animals into new lands are 
those of the rabbit into Australia, the niungoose into the West 
Indies, and the sparrow into the United States. When this has been 
the case even with higher aiiimals much more are the chances 
favourable to lower animals and especially insects. With their sn^a}l 
size, their powers of rapid multiplication, and their varied habits, 
insects stand very good chances of getting distributed from country 
to country. 

Recognizing the above facts, the Government of India have 
also moved in the matter recently, and have passed what is called 
the Pests Act to protect the country from the invasion of foreign 
insect and fungus pests. Now that the Government have taken 
action in the matter, I think the present moment is not inopportune 
to see what the important foreign insect pests are which have 
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chances of gaining admission into the country, and which have 
therefore to be carefully watched. In this paper I have attempted 
to enumerate briefly some of the more important insects of foreign 
countries which are likely to be introduced into India in some 
way or other unless proper precautions are adopted to prevent 
the same. 

The geographical position of India might, on the whole, be 
said to be not so favourable for the introduction of foreign pests as 
that of most other countries. For, India is more or less isolated, 
and the countries adjacent to it on the north could hardly be classed 
as regular agricultural tracts. Besides, there is the mountain wall 
on the north-west, north, and north-east, and all round below is the 
sea. This safe position perhaps accounts to a considerable degree 
for the absence of introduced insect pests. Though a more or less 
immune condition has been maintained till now, it is very doubtful 
whether such a safe state of affairs could possibly be kept up in 
future unless proper measures are adopted. For, in these days of 
quick and easy transport facilities for all sorts of agricultural 
products, both by land and sea, there is every likelihood of foreign 
pests entering the country without our knowledge. The steamships 
that travel all over the world form the best media of transport in 
this matter. 

At present the countries from which we are likely to get un- 
desirable insects introduced are Ceylon, Java, Philippines, China, 
Japan, Australia, and New Zealand in the east and south ; and 
now that the Panama canal is open, there is even a chance of South 
America and West Indies contributing in this direction. On the 
west We have Africa and the Mediterranean countries of Europe 
and West Asia. It may, however, be argued — and it is perhaps 
true to some extent — that insects from temperate regions may 
not be able to thrive in the tropical climate of India. But this cannot 
be the case with all insects, as some are able to adapt themselves 
remarkably to their new homes ; nor is it safe to try any experi- 
ments in this matter. The well-known saying “ Prevention is 
better than cure ” is as much true in this respect as in other 
affairs, I^et us see how and by what means insects are likely to 
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travel and get entry into new regions. Many agricultural products 
when carried from one country to the other for trade or other 
purposes, are likely to carry with or in them some of the insect pests 
of the country of origin unless noticed by the exporter and 
destroyed in time. In many cases the insects are very minute or 
contained inside agricultural products and thus escape easy detection. 
And when once they gain entry into some port of a country they 
liave very good chances of finding their way into the interior. 

The commonest and most important of agricultural products 
in which insects thus travel are chiefly fresh vegetable products, 
such as bulbs, orchids, sugarcane, sweet potatoes, yams, fruits, 
seeds, cuttings of ornamental and other plants, moss, peat, tubers 
jitid nursery stock of all kinds. Bulbs, orchids, and valuable hot 
house and ornamental plants are often brought by travellers from 
one country to another as curio.sities without in the least suspecting 
that they are in many cases bringing in undesirable insect pests 
with their valuable luggage. It is true that orchids or ornamental 
plants and their insect pests are not going to affect the agriculture 
of the country because these are not of any direct economic import- 
ance. But what might happen in some cases is that some of the 
insects on these introduced plants might change their food-plant in 
the country of adoption, and if this new food-plant happens to be an 
important field crop, the danger to agriculture becomes quite evident, 
and this important contingency has always to be bonve in mind. 
Vegetables, roots, tubers and fruits not only travel as cargo, but as 
necessities for people on board ships. »So far as I know, fruits of 
various kinds, such as apples, oranges, pears, grapes, etc., and nur- 
sery stock of these fruit plants are received into India from different 
.Australian ports. Similarly, nursery stock of fruit trees, etc., are 
also received from Europe chiefly by some of the hill plantations. 
Sugarcane of new varieties is sometimes got down by Government 
and private concerns for seed purposes from the West Indies, Java, 
Mauritius, Hawaii, etc. It is also found that seedsmen and nursery 
gardeners in the important cities get a good many seeds, bulbs, 
from other countries, often even ' by post. These are 
f^^e of the known media by which we are able to trace the 




(1 & 3) Grape-vine Phylloxera; 1 shows root form and 3 the leaf nodules ( After .Varlatt 

(2) The Codlin Moth-damaged apple and different stages of the moth ( From U. S A, SulUtin ); 
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(8) The small bw'eet Potato Weevil of Hawaii — beetle, grub and pupa, xfj ( After Fullaway 

(9) The West Indian Sugarcane Beetle, x2. (From Insect Life)’ 
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entry of different exotic pests into the country. In addition to 
these, it is possible that insects may be carried in other things 
which one would least suspect — ^some examples of these are packing 
materials, bird or cattle food, bird plumage, hunters’ trophies, etc. 
Thus the chances of foreign insects getting admission into the 
(^oiintry are easy and many, and hence the need for a more careful 
and strict quarantine at places of entry. 

So far as the existing insect pests of India are concerned, we 
have not sufficient records to show which are introduced ones and 
which are foreign ; but we might name two or three which might 
be classed as introduced ones, having become naturalized and very 
well recognized as pretty bad pests. The potato tuber moth 
{PMkorimceaoperculella), the diamond-back moth of cabbage and 
cauliflower {PliMla macuUpennia), and the green bug of coffee 
{fjcc^awinm viride) may be given as examples of such. We have no 
accurate records as to when and how these gained entry into the 
country, and it is now too late and impossible to drive out these 
insects which have already acclimatized themselves to their adopted 
home. 

We will now consider some of the important insects which are 
had pests in other countries, and which are likely to get entry into 
Irtdia unless both the Government and the importers of agricultural 
products are on the alert and keep out such undesirable insects. 
It is therefore thought that information on some of the important 
foreign insects might be of some help at this moment when the 
Pests Act is just coming into operation. 

LEPIDOPTETRA (Moths and Butterflies). 

In this group of insects the young one or the caterpillar stands 
a good chance of travelling inside vegetable tissue. 

The Codlin Moth (Carpocapsa pomondla). 

(Plate XIV, %. 2.) ' 

The most important and the best known of these insects is 
the " codlin moth ” {Carpocapsa pomoneUa). It is the most 
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destructive of apple insects. The caterpillar bores into the fruit. 
The adult is a beautiful moth with a wing expanse of f inch. 
The annual loss to the United States caused by this insect was 
estimated at 16,000,000 dollars in 1909. It is said to be a native of 
the Mediterranean countries, and is found in England, America, 
and Australia. There is a record of this insect from Ladak in 
Kas hm ir in the Ann. M. N. H. of 1900. But it is probable the 
identification was a mistaken one. It might be the “ oriental peach 
moth ” referred to below. However, it is needless to state how 
important it is to keep out this pest from India. 

The Orange Torteix. {Tortrix dtrana. Fern.) 

Though not as serious as the codlin moth, this small insect is 
a bad pest of oranges in California and adjacent countries, and stands 
a very good chance of travelling in orange fruits. 

The Peach Twig Borer. {Anarsia lineataUa, Zell.) 

This insect is one which is likely to be carried in nursery stock 
of stone fruits. It is said to be a native of West Asia and is now 
found all over Europe and America. If this insect is already present 
in India, it must be found in the northern fruit tracts. The peculiar 
habit which this insect has of hibernating in nursery stock helps 
it in getting widely distributed. 

The Oriental Peach Moth. {Laspeyresia molesta, Busck.) 

This is different from the peach twig borer and affects both 
twigs and fruits. It is a native of Japan and has been introduced 
into the United States of America. The adult moth resembles the 
codlin moth to some extent, but there are striking structural 
differences. The full-grown larva is smaller than that of the 
codlin moth. It might also be mistaken for the peach twig 
borer, but the differences are clear on closer examination. The 
insect can get itself distributed as larva inside fruit, or as cocoons 
(m the outside of the plant. Nursery stock may also carry hibor* 
tetmg larvae. 
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COLEOPTERA (Beetles). 

The insects of this group, which are likely to be introduced, are 
all beetles belonging almost wholly to the group of weevils, the grubs 
of which are fleshy and footless and bore into vegetable tissue. 

The Cotton Boll Weevil. {Anthonomm grandis, Boh.) 
(Plate XIV, fig. 7.) 

The most important of exotic beetle pests is the Mexican cotton 
boll weevil of Texas and adjacent States in the United States. 
The annual loss to cotton growers from this insect is considerable. 
The grub bores into the boll and enters the seed. The beetle is 
in length and has a uniform greyish colour with a prominent 
snout. The pest may be easily carried in seed and in shipments of 
unginned cotton from one country to another. The loss caused 
by this insect is estimated by Townsend at £ 1,600,000 annually 
to the United States of America. 

The West Indian Sugarcane Beetle. {Splienophorus obscurus.) 

(Plate XIV, fig. 9.) 

The fleshy grub of this weevil bores into the tissue of sugar- 
cane. Seed canes containing the grub can easily spread the 
pest into new tracts. The grub is pale white in colour and footless. 
The adult insect is about |" long and has a dark reddish-brown 
colour. 

The small Sweet Potato Weevil of Hawaii. {Cryptorhynchm 

hatatce, Water.) 

(Plate XIV, fig. 8.) 

This is a small insect similar to the mango seed weevil of India. 
It is a pretty bad pest in Hawaii and a strict quarantine is imposed 
on imports of sweet potatoes into California and other American 
States. The small pale white grubs bore into the tubers. The 
iiunot should not be confused with the common sweet potato 
weevU (Oyl<uJ<mnkanm) which is blue and red and resembles an 
ant in form. 
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The Plum (hirculio of the United States of America {Com- 
trachelus nenvfer, Herb.) is another important fruit pest of America 
which might be added to the list of undesirables. The apple 
Idossom weevil (Anlhonomm pomorum) of Europe has travelled from 
Europe to America and it is not unlikely that it might come to India 
also. 


DIPTERA (Flies). 

Among flies, fruit flies form the chief insects which generally 
spread from (country to country in different kinds of fruits. 

Thk Mkditerkanban Fruit Fcy. {Ceratitis mjntaUi.) 

(Plate XIV, fig. 5.) 

The most dreaded of fruit pests for which a strict watch has to 
be kept in India is the notorious Mediterranean fruit fly. It is one of 
the most serious pests whhdi the orchardists have to fight against. 
Fortunately it is at present absent in India, though the chances for 
its entry are great and many. It is found in Europe, South .Africa, 
Australia, New Zealand, and California. It was first noted on oranges 
from Azores, but now it is found on almost every fruit. The white 
pointed maggots riddle the fruit pulp and cause considerable damage. 
We have our native fruit fly {Doom oucurhitw) which is bad enough on 
melons of all kinds and on other cucurbits and mangoes, and it will 
be a very serious matter if the Mediterranean fly gets entry. The 
travelling public who make pleasure trips might carry fruits to 
their friends, or for their use, and thus distribute the pest uncon- 
sciously. 


The Queensland Fruit Fly. {Dacus tryonu) ' 

(Plate XV, tig. 2.) 

This is another fly attacking fruits in West Australia and doing 
appreciable damage. This insect has also chances of getthig intro- 
duced. In luibits it is exactly like ordinary fruit flies. 



I' in'. 1. Apple MagiJot My of America, magnified. 
( After Slinjferland. ) 


Fiii 2. Queensland Fruit Fly, magnified. 
(After Froggatt. } 



The Japanese Fruit Seale. ( From forlici Bulhiin. 
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The Apple Maggot Fly. {Rhagoletis pomondla.) 

(Plate XV, fig. 1.) 

This bad pest of apple in the United States of America is also 
an important exotic fly pest likely to be introduced. 

Another notorious fruit fly is the olive fruit fly of Italy 
{Dacus olem). 

The most important of all these fly pests is, of course, the 
.Mediterranean fruit fly. The best method is to destroy all maggoty 
fruits received from foreign sources. This will not only prevent the 
above-known ones, but would check some species which are not 
so well known, but which might prove serious. 

BUGS. 

Scale Insects, Mealy Bugs, and Plant Lice. 

It would be difficult to point to any group of insects whose 
ravages have been more seriously increased by human interference 
than the insects mentioned above, especially scale insects and 
mealy bugs. Of all insects these are easily carried from country to 
country and some of them adapt themselves remarkably to their 
new homes. Most of them are minute in size and will stand long 
journeys ; their powers of multiplication are also remarkable. 
During the course of my studies regarding these insects within the 
past two or three years, 1 have observed several scale insects which 
appear to be introduced. One can very well form an idea of the pos- 
sibilities of distribution of these insects, when it is known that over 
thirty species of scale insects have been noted on orchids alone. The 
following are some of the most important foreign insects of this group. 

The San Jose Scale. {Aspidiedtts perniciosus.) 

(Plate XIV, fig. 4.) 

The first rank amongst scales must be given to the San J ose scale. ' 
T'his may be considered as the foremost of fruit pests in most 
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countries. It is believed to be a native of China ; it is now found 
in South America, United States, Japan, Australia, Hawaii, etc., etc. 
It has been found attacking pear, apricot, apple, plum, quince, 
nectarines, etc. ; it attacks all parts of the plant — leaves, fruit, 
tarunk, stem, etc. The scales are small and oval and often found 
in thousands on the surface of fruits. 

Thb Oyster Shell Scale. {MytHaspis pomorum, Mey.) 

(Plate XIV, fig. 6.) 

Unlike the San Jose scale, this insect has a more or less mussel- 
shaped, narrow and elongate scale, rounded at one end and tapering 
towards the other ; it is pale brown in colour. It is found as a pest 
of fruit in America, Australia, New Zealand, Egypt, Algeria, Canada, 
South America, and Japan. Just like the San Jose scale it attacks 
fruits of different kinds and gets distributed in fruits and nursery 
stock. It is one of the very destructive scale insects of the world 
and has been noted on fruits of various kinds. 

The Purple Scale. {Mytilaspis citrioola, Pack.) 

In general appearance this scale resembles the oyster shell 
scale, but is darker m colour and more curved than that species. 
It generally attacks fruits and foliage of all kinds of Citrus plants. 
It has a very wide distribution, being found in Ceylon, Australia, 
Africa, Europe, and America. This insect is equally liable to be 
brought into India with oranges, etc., from these countries. 

The Cottony Cushion Scale. {Icerya purchasi.) 

(Plate XVI, fig. 1.) 

This IS a well-known and destructive scale insect ; in general 
form it is different from the San Jose, the oyster shell or the purple 
scale. The body covering in this case is not a hard scale, but a 
apft cushion made up of white cottony matter, and the cushion 
SilEtangad in a characteristic manner. The native home of 



PLATE XVL 



Fig. 1. Icerya purchasi clus- 
tered orange twig, about natural 
size. (From Essig’s Injurious 
and Beneficial Insects of 
California, Fig. 70 ). 



Fig. 2. The Wooly Blight, showing the 
characteristic nodules caused by the insect. 
Portion of a root with a colony of the insects 
(natural size), and a single insect magnified. 
(After Marlatt. ) 
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insect is said to be Australia, from where it has spread to Africa, 
Europe, North America, South Africa, and the Mediterranean region. 
It is very destructive, especially to orange trees, but has been noted 
also on a variety of other plants including grape, rose, pomegranate. 
Acacia, castor, etc. This insect has recently gained entry into 
Ceylon ^ and there is no knowing when we may find it in our midst. 

The Lantana Bug. {Orthezia imignis.) 

This mealy bug is another destructive insect which is foimd 
in most other countries including Ceylon. This has also got the 
cottony white laminse. Though it is a beneficial insect when found 
on the weed LarUana, it is an undesirable creature, as it may be 
destructive to other valuable cultivated plants since it has been 
found to breed on over 30 plants in different countries. This was 
once foimd in a plantation on the Nilgiris, but was promptly 
destroyed. 

There are several other scale insects in foreign countries which 
have chances of entering India any time, especially through fruit 
and nursery stock. The pineapple scale of Hawaii, Diaspis brome- 
licB, Ker, is one such important insect. It is not only a pest of pine- 
apple, but has been found on various green house plants in different 
countries. It is found in Europe, America, South Africa, West 
Indies, and Australia. Another likely pest to find its way into the 
country is the Japanese fruit scale {Diaspis pentagona) which 
(Plate XV, fig. 3) has already travelled to Europe. I have found the 
grape and pear scale {Aspidiotus cydonia), an Australian scale, on 
nursery stocks of grape and pear in Bangalore got from Australian 
nurserymen. Within recent years numerous consignments of 
nursery stock of fruit trees, especially navel oranges, pears, etc., 
have been got down from Australian nurserymen by several garden- 
ers and private orchardists in South India, and this must have been 
a very good medium for the distribution of some Australian insect 
pests. 


' Th€ Agrie, Jowm, of India, toI. X11« pt. XY, p. W. 
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(trai'e-vinf Phylloxera. {Phylloxera mstatrix.) 

(Plate XIV, figs. 1 and 3.) 

The most serious of grape-vine pests, this insect is found in 
colonies attacking chiefly the roots, though often found in galls 
on the foliage also. It is found in Europe and America. The pest 
is carried on rooted vines, and so becomes easily distributed with 
nursery stock. 

'I’he Wooly Aphis or American Blight., (Schizoneara 
lanigera, Hans.) 

(Plate XVI, fig. 2.) 

This pest, which is very destructive to apples, is found in almost 
all countries where that plant, is cultivated. Its original home is 
.stated to be Europe, from where it appears to have spread all ovei' 
the world with nursery stock. As early as 1889 Atkinson described 
in the Indian Museum Notfs a species of wooly ajihis atta(‘king 
fruit trees on the Nilgiris, and that insect appears to be the oix' 
under review ; this insect has also been found off and on in the 
hill districts recently on fruit trees — chiefly on tlios,; imported 
from Europe. It is therefore a case where an insect has already 
gained some ground in the country. 'Fhe only thing to do in thi.s 
case is to prevent its rapid spreading. 

Besides the above forms of bugs, species of lace wing bugs 
(Ihngidids) and white flies (Aleurodids) of sorts are also easil\ 
transported in nursery stock from one country to another. 

t)f over twenty insects noted above, the most important ones 
to be guarded against are the Godlin moth, the Cotton boll weevil, 
the Mediterranean fruit fly, the San Jose scale, the Oyster shdl scale, 
the Cottony cushion scale, and the Phylloxera of grape-vine. 

In this paper 1 have only noted some of the very destructive 
and w'ell known of foreign insects which have some chances of being 
introduced into India. It is possible that some or most of them may 
not be introduced at all, and even if introduced may not thrive ; 
if so, well and good. But a warning note regarding these will not. 



I-'OREIGN INSECT l*ESTS WE DC NOT W'ANX IN INEIA oil 


I think, be inopportune. It is not also unlikely that cpiiPi harmless 
and little known insects of other countries might, w'hen introduced, 
become bad pests in their new liorue. Therefore, the safest course 
to adopt is to make arrangements at ports or plac es of entry to 
have all foreign agricultural products of a suspicious nature subjected 
to a thorough examination, and to destroy or fumigate all insect- 
infested materials before they are allowed to enter the country. 

We, in India, have any number of indigenous insect pests 
that give us much trouble and bring about considerable loss 
td the country. We would therefore be multiplying our troubles 
if wci allow alien insects to gain entry into the country. The 
object of this paper will l)e very much gained if at least educated 
cultivators, and those having dealings with foreign countries 
in agricultural j)roducrt.s, realize the danger of allowing foreign 
pests int(j the country and do their Icest to prevent it. If the\' 
find it impossible to act effectively in the matter by themselves, 
they would do well t<» bring the mattcu' to the notice of the*, author- 
ities promptly. 
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QUO VADIS ? 

THE PROBLEM OF THE CO-OPERATIVE MOVEMENT IN INDIA. 

BY 

Lieot.-Cou. H. R. OROSTHWATTE. C.T.E., 

Registrar of Co-operative Societies, Central Provinces and Berar, 

“ The frail barque of Oo-operation in India ” — ^to borrow the 
language of the late Sir Harvey Adamson — , was launched and blessed 
by Government in 1904. Where the little ship would get to nobody 
quite knew ; and there was the usual chonis of birds of ill omen 
to grate the public ear with a melancholy song. Some said that 
a co-operative movement was impossible in an Indian emdron- 
ment ; others scented danger in the air, thinking that co-operation 
and socialism were but two names for a single evil. However, the 
ship set sail, albeit there was no favouring gale of enlightened public 
opinion behind it. This, of course, was not to be wondered at. 
The proceedings of the Sixth International Co-operative Congress, 
held at Budapest in 1904, contain two papers only on Indian co- 
operation. The one paper is by Mr. Ambika Charan Ukil, “General 
Secretary of the Co-operative Union of India.” “ Our Union,” 
reported the General Secretary, — ^and we may pause to ask what 
has become of it ? — “ Our Union has made efforts to co^ect materials 
for a statistical account of the progress of co-operation in India. 
The result is, however, disappointing. In answer to a considerable 
number of question-sheets sent out to co-operative societies of 
whom we had heard, we have received only an insignificant number 
of replies ; and those replies give no inlomation except that, in 
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tlip opitiion of tho. writors. tho proportions of their fnisiness are still, 
too sniall to merit mentioii.” The other paper is by Mr. H. E. L. 
Duperuex, l.C.S,, and in it we read that the co-operative movement 
had made a start and “ had been lifted out of the region of academic 
discussion.” This, then, was the maimer of the launching of the 
co-operative movement in India. (Government passed an Act, 
appointed Registrars, and addressed Provincial (Governments in 
a despatch which, compres-sed into tabloid form, amounted to a 
command to “ get a move on !” Sucli a procedure recalls to a 
mind not altogether irrev’^erent the first chapter of the first Boole 
of Moses. But with this great differencie. When the co-operative 
movement in India was made to order there was no great architect 
responsible for its design. Mr. H. W. Wolff was for a time the 
wise and kindly deus ex mach'ma to whom the Government made 
occasional references. And Mr. Wolff has never worked in India. 
It was, in fact, left to the provincial Registrars to dree their ain 
weird ; and so it came about that each province, in the (rourse of a 
few years, possessed its own particular brand of co-operative bricks 
in the shape of village credit societies of different types. 

In 1910, I wrote : The great difficulty in co-operative organ- 

ization is that precedent cannot always solve our problems for us. 
(Go-operative credit must, of course, embrace certain broad principles. 
But the capable organizer will resemble the skilled chef : there may 
be a sameness about the ingredients ; yet the recipes will be different 
and the results all excellent. Nevertheless, however cunning the 
artist, however exquisite the art, no che.J can hope to succeed unless 
he knows the tastes of the man he has to please. And so with co- 
operative credit. The particular blend must suit the circumstances 
of the people and the locality. It is in the blending that success or 
failure is included. Not even a Raiffeisen can hope to organize v 
successful co-operative credit siK-ieties without a sound knowledge 
of the wants (and the limitations) of the kwality he is working in. 
The blind caimot lead the blind ; so liefore the organizer conuuences 
operations he must study the conditions and the environment of 
the village he has to handle. He must become acquainted with the 
trade, the rates of interest, .the customs, the agriculture, and, above 
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all, the men of tlie neigh hoiirluHKl. ” Every other Registrar was 
saying, writing, and tliinkit»g much the same sort of thing at about 
that time. Co-operation, blessed word, was the new medicine 
for all ills. It was thought that it could be administered in packets 
tied up with red tape, to be obtained, from Jlegistj’ars whenever 
needed. Once, when a town had been destroyed by fire, a liegistrar 
was sent for and told to form the homeless inhabitants into co- 
operative societies and to see that they got money to make a new 
town with. The cry was all for rules. “ AVe don't want to be 
bothered about the principles, (live us the rules and we will do the 
rest !” That, put generally, was the attitude of the proviiK'ial and 
district executives. .\s for the great non-official world the cry there 
was all ff)r State aid. for motiey and for ministerial staff. It was not, 
however, a niggardly policy which shut the public purse, but accept- 
ance of Mr. VV'olff’s warning that patronage would spoil that co- 
operation on the purity of which the success of the eirtire nvn'ement 
must depend. 

Now it is obvious that a “ co-operative credit society " which 
cannot find money for its members is unworthy of the name. AVhere 
then was the money to come from ? “ You will get local deposits.” 

said Mr. Wolff comfortably. But the Indian peasant, like his 
brother in other countries, is poor, secretive, and suspicious. The 
nature of his work tends to make him an individualist to the very 
marrow, with less disposition than any class to work h)r the common 
welfare while working for his own. Varying with the seasons, his 
hours of labour are often prolonged from sunrise till gloaming and 
even far into the night. He is continually haunted by fears for his 
(?rops. And in his household the meals taken in comnxon with his 
family, the common pursuit, the self-contained home, the blood- 
bond of kinship, are salient factors which must be taken into account 
when introducing co-operation in any form to him and his class. 
The straggling cultivator is actuated little by sentiment ; and, 
if he co-operates, it is solely because he hopes to obtain individual 
benefit. In introducing co-operation to him, one has to contend 
not only with the sluggishttess of ignorance and the apathy of 
despair, but with the suspicion of .being actuated by a desire to 
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overreach which does not appear on the surface. The Indian 
peasant who had no money wanted to join a credit society in order 
to obtain a loan at a rate of interest below that at which the rural 
moneylender was willing to accommodate him ; his richer brother 
had no use for co-operation ; and the village usurer saw niin and 
showed fight. 

“ Needs must when the devil drives.” Funds for the credit 
societies had to be got ; and so Registrars, feeling their way cau- 
tiously, had recourse to the formation of district or central co- 
operative banks. I use the word “ recourse ” because, in truth, 
there was very little that was co-operative about the first Indian 
central banks. It was necessary to explain to local capitalists the 
meaning of co-operative credit, and to show that the societies 
afforded scope for safe investment with a prospect of a good return. 
The banks were to make a profit for their shareholders ; and the 
shareholders subscribed for profit. “ In order to love mankind,” 
said ITelvetius, otic must not expect too much from them.” Of 
course, there was a good deal of adverse criticism. In the first place, 
it was urged that banks of this kind were not the “ societies ” which 
the Government of India contemplated when undertaking legislation. 
Secondly, it was pointed out that they were mere profit-making 
machines. It was stated that the object of co-operative credit was 
to obtain reasonable credit from reasonable creditors. Meanwhile, 
the Government of India, with deep wisdom, stood by and watched, 
— and waited. The fact Avas that precedent could no< solve the 
problems of the Indian co-operative movement in' its early stages. 
Before passing the Co-operative Credit Societies Act of 1904, Lord 
Curzon appointed a small committee, under the presidency of Sir 
Edward Law : and the deliberations of that committee mav be 
said to have begun and ended with the primary unit of co-operative 
organization, namely, the village credit society. The Act of 1904 
contained no formal recognition of central societies formed of other 
societies, nor did it expressly cover any form of co-operation other 
than co-operative credit. To remedy these and other defects which 
experience had brought to light, a new Act was passed in 1912 which 
dealt with co-operation of all kinds. 
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Between the years 1904 and 1912 the movement in Inflia had 
made much progress. The -district or (;entral co-operative bank, 
admitting village credit societies to membership, had proved its 
utility. Indeed, without this type of institution the village credit 
societies would have got no money, and, as Mr. Wolff has expressed 
it, “ what you want in your banks at the outset is, not members’, 
but other people's money.” Once the position of central banks had 
been brought within tlie four corners of the new Act, the co-operative 
movement made a great stride forward. 

In 1915 there were in India 17,327 societies with 824,0(X) 
members and a working capital of almost nine crores of rupees. By 
that time it had been di.sc<>vered that the central district banks did 
not carry heavy enough giuis. They could not command credit 
outside the limited field of their operations. Moreover, feeder banks 
of the district type are subject, only in a less degree than the indivi- 
dual societies they serve, to vicissitudes of season and fluctuations 
in the demand for money ; and, iti their turn, they require further 
agencies from which they can obtain money in the busy months 
and through wliicli they can utilize it in the slack sea.son. Some 
central banks, thanks to the good offices of Kegistrars, had -obtained 
loans or cash credits from large joint stock banks. But it goes 
without saying that a co-operative movement cannot stand still ; 
movement there must be, either forwards or backwards ; and the 
joint stock banks found the district co-operative banks difficult 
to deal with. Difficult, that is, not in the sense that they were 
slack or dishonest, but inconvenient as customers or clicnt.s, and 
this for two reasons. In the first place, the joint stock bank is, as a 
rule, remote both in methods and in locale from the district co- 
operative bank. And, secondly, the requirements of credit societies 
are most difficult to estimate in advance because they depend, 
in great measure, on good or bad harvests. Thus, a district central 
bank may be clamouring for financial assistance one moment and, the 
next, wondering what to do with surplus funds. 

It was at this juncture that provimdal central banks appeared 
on the scene as links between joint stock or presidency banks and 
the district co-operative banks. The advent of the provincial 
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central bank saved weak district banks from perishing for want of 
funds, and greatly benefited strong- district banks, because it 
provided a convenient clearing house through which surplus deposit 
or other money could be distributed and retained within the circle 
of the provincial movement. But it did little or nothing to help 
Registrars towards a satisfactory solution (d the problems of super- 
vision and audit, problems which in India are extraordinarily 
difficult because of the intense degree of illiteracy in the villages. It 
is more than doubtful whether Eur()j)ean critics of Indian co-operation 
grasp the nature (tf a Registrar's work. Writing in 1910, at a time 
when there were only 3,498 societies in the whole country, Mr. Wolff 
pronounced that “the time had i»ideed come when the movement 
must, Iroiu a quasi-official, l)e expanded into a national movement, 
if it is to be carried any further.” But illiteracy makes any such 
expansion difficult if not impossible. As Mr. Montagu and Lord 
Chelmsford have jxdnted out British India has two and a half times 
the population of the United States, and ‘22(> out of 244 millions of 
people lead a rural life. Agriculture is the one great occupation, 
ami only 6 j)er cent, are able to read and write. “ Wliat concerns 
the Indian peasant mainly ” the words are those of Lord Chelms- 
ford and Mr. Montagu, ” is the rainfall or the irrigation supply 
from wells t)r camils, the price of grain and cloth, the payment of 
rent to the landlord or revenue to the State, the repaynwnt of 
advances to the village banker, the observance of religicms festivals, 
the education of their sons, the marriage of their daughters, their 
health and that of their cattle. They visit the local town on bazaar 
days and the sub-divisional or business centre rarelv on business or 
litigation, d'hey are jxot concerned with district boards or nmni- 
cipal boards ; n\any of them know of no executive power above the 
district officer, and of Parliament or even of the legislative councils 
they have never heard. In one province it is stated that 93 per cent, 
of the people live and die in the place wheie they were born.” It 
may be doubted whether this picture, striking as it is, brings out the 
apathy exliibited by the Indian villager towards education and 
sanitation. It certainly does not bring out the fact that “ local 
towns ” are lew and far between. For, a town being defined as 
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“ a coutinuoim collection of houses periuaiieiitly inhabited by not 
less than 5,000 persons,” there are only 117 towns in the whole of 
an Indian province which is as large as England, Scotland, and Wales 
put together. In the same province the average popidation of 
42,000 villages is 311 persons otdy ! India is, iti fact, a (country 
not of towns but of villages, and, moreover, one in which many 
now roads, railways, and village schools are very badly wanted if 
there is to be any comprehensive scheme of rural development. 

It has been stated by the Government of India that 3 millions 
of the people are directly affected and benefited by the co-operative 
movement ; and we may readily agree that ” the movement in India 
is only at its beginning.” and that ” the progress made in the first 
stage has been unequalle:! in any other country.” (Such agreement, 
however, ought >iot to blind us to the fact that there is only one 
co-operative society in India for every 20,000 of the populatioti 
engaged in agricidture ; and. bearing in nfind that Indian villages are, 
after all, very small plac^es, it may be estimated that there is room 
for at least 40 credit societies for every 20,000 cultivators, -provided 
always that the societies can be audited, educated in their work, 
and financed, and that the margins of economy which they effect 
for their members (and for future generations of members) arc not 
whittled away by a defective co-operative cyile and an ill-balanced 
banking system. 

'I’hc purpose of the co-operative movement is not (uily to 
democratize credit but to democratize production as well. tSir 
Horace Plunkett has more than once declared that if he had his 
organizing work in Ireland to do over again, it is with banks he 
would begin, because they are found to pave the way to other forms 
of co-operation. They supply the means as well as the training. 
Co-operative banks are, in fact, the great driving wheel of the whole 
movement. But, at the same time, they form part only of that 
great engine of co-operation which has contributed so enormously 
to the progress of modern countries. It is, of course, most import- 
ant that, at every turn, the savings effected by co-operative eco- 
nomies should be used in such a way as to benefit the individuals 
from whose joint action they have sprung ; in other words, 



i)20 AGRICULTURAL JOURNAL OP INDIA [XIV, IV. 

there must be a full cycle of co-operative activity to secure to the 
producer the full benefits of co-operation. In the absence of such 
a cycle, — and in 1917, out of 23,000 societies, there were in the whole 
of India only 1,568 societies for purposes other than agricultural 
co-operative credit, — much of the energy put into the movement 
runs to waste ; which means that the movement towards better 
business is retarded and, in many cases, prevented, and that the 
subsequent stages of better farming or working and better living 
can never be reached at all. As matters stand at present there is 
little or no scope for the profitable employment of the reserve funds 
and surplus deposits held by the movement, while (;onsideration8 
of banking prudence compel the retention, at a loss, of large sums 
of money in a fluid or liquid state. Frequent tinkering with the 
rates ot interest offered by co-operative banks and societies to 
depositors has an injurious effect upon public opinion and interferes 
with the flow of deposit money ; and, because the co-operative cycle 
is incomplete, there is at present no means of passing on the surplus 
capital of agriculture to fructify, under proper guarantees, in indus- 
trial co-operative enterprise. Nor, as yet, is there (a) any organiza- 
tion of mortgage credit by means of the bonds which have, in other 
countries, become an established feature on the stock exchanges, 
and which, because they find a ready market, are a very suitable 
and convenient form of banking security, or (6) any regular facility 
for the discount of the promissory notes of societies. These grave 
defects in the scheme of Indian co-operation must be remedied if 
the movement is to take its proper place as a powerful factor in 
the economy of the country. 

But difficulties of the above kind are not all that the co-operative 
movement in India has to contend with. The problenas of audit 
and supervision are also acute. If the number of societies increases, 
then a Registrar is hard put to it to pnmde audit and supervision ; 
if the number of societies is not allowed to increase, then, unless the 
flow of deposits be stopped, the movement has to carry surplus 
funds at a loss. Ihere are obstacles, also, in the way of any practical 
application of co-operative principles to purposes other than credit. 
It is, for instance, very often most difficult to get field produce to 
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market in India because of the prevailing absence of roads. In a 
certain tract of wheat country, which is about as large as an average 

English county, the course of trade is as follows. Messrs. 

conduct their purchases through a local agent ; the local agent works 
through sub-agents, the sub-agents work through banlas or maftajam ; 
and the mahajam, again, through petty middlemen, each one of 
whom has a regular beat or group of villages which he plies. These 
middlemen, or baiparis as they are called, conduct their operations 
with pack-bullocks or ponies. They sell cloth and groceries to their 
cultivator clients and take payment, when the time comes, in grain 
or other produce. The baipari is the agent ; his principal is the 
hania or 7nahajan. And once a cultivator is in the bania’s books he 
seldom succeeds in getting out of them. It requires a comprehemive 
organization to break down a system of this sort, — a system to which 
the cultivator himself is thoroughly accustomed and which he 
finds it difficult to see beyond. It is, in fact, impossible for the co- 
operative organizer to take the cultivator beyond and out of reach 
of bad economy, until considerable changes have been effected in 
Indian riual environmerit by the multiplication of roads, of wheeled 
vehicles, of farms for the production of pure seed and for the demon- 
stration of improved methods, of facilities for co-operative distri- 
bution, supply, storage, and sale, -<>f all these things, and, above 
all, of schools, so that, in due course, what is now, perforce, a system 
of audit and control centralized in the hands of a few officials and 
non-officials belonging to the educated classes may, in the hands 
of the people themselves, become natural, spontaneous, and decen- 
tralized. A great deal <^f water will have to flow under Indian 
bridges before that happens ; and it never can happen until the 
problems of rural development are dealt with scientifically and 
systematically, each as part of a co-ordinated whole, and not 
by a purely departmental watertight compartmental system. Co- 
ordinated effort, systematic thinking, a plan of campaign, — these 
are three essentials to any scheme of rural reform, and it matters 
not a pin to India whether they are provided by Boards of Develop- 
ment, by Development Commissioners, or by Rural Organization 
Societies, so long only as they are provided. Substantial as the 
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stmituie of the co-operative movement in India undoubtedly is, the 
time has come to take stock of the situation. There is a period of 
development and reconstruction before the British Empire, and an 
industrial vision is before this great country, a vision which can 
never come to anything until the co-operative movement with its 
“ better business, better farming, and better living ” uplifts the 
villages of India. 

The reader, if he has survived the discourse, will probably be 
thinking that this sort of thing is all very well but without point 
unless accompanied by useful suggestion. “ Mistiness,” wrote 
(Cardinal Newman, " is tbe Mother of Wisdom and it is easier to 
})oint out present itn.perfections than to devise future remedies. 
Nor is it often possible in India, a suitable field for prudent experiment 
if ever there was one, to state, in advance, that this economic 
measure or that is certain to succeed. Every Indian reformer ought 
to know of the famous cit\' which had three gates. On the first the 
horsein.an read inscribed, “ Be bold ” ; and on the second gate yet 
again ” Be bold, and evermore be bold ; ” and on the third it was 
written, ” Be not too bold.” But though prudence is a virtue in 
co-operative workers excessive caution and lack of foresight are not ; 
and if discussion does no more than promote intelligent thought it 
is iu)t without benefit. 

In conclusion, therefore, and for a brief space only, 1 would 
invite attention to the achievements of Japan in the field of agri- 
cultural and industrial co-operation, for it is a field in which she 
has earned universal praise and approval. An Italian observer, 
for instance, declares that the wt)rk of the Japanese in this direction 
” must be regarded as one of the most brilliant manifestations of 
clear sighted and orderly human activity.” 

It should be remembered that before Japan entered upon her 
present era of industrial development she had to meet exactly the 
same problem as that which now faces the agricultural and industrial 
pioneer iti many parts of India. Japan had not enough labour ; 
so she set to w'ork to increase the population and, with the 
prospect of rising prices before her, the produce of the fields. In 
both these undertakings she has succeeded. Within a period of about 
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50 years her population has doubled, while the amount of rice pro- 
duced per head of population is greater tlian before. In the matter 
of her food supply —Ave may exclude from consideration the tem- 
porary shortage caused by abnormal industrial activity (luring the 
AA^ar — Japan is short by only 5'6 per cent, of being self-supporting. 
Again, Japan is a country of .small holdings, with a co-operative 
.system based upon that fact. .Seventy per cent, of Japanese fann.ers 
possess land of an area less than 1 cho (1 cho~2\ acres), AA'hile only 
3 per cent, possess land of an area of more than 3 chos. For this 
reason, although cultiAation is intensiAc and the requirements 
of the r»\ral Japanese are small, secondary agricultairal industries, 
.such as paper-making, aie of great importance. It is generally held in 
.lapan that the yield of these industries varies bet Aveen 10 and 25 per 
cent, of that from, agriculture pure and simple, llural progress in 
Japan has been .scientifically guided and has folloAved a symmetrical 
plan of campaign. J'ill recently the Japanese administrative unit 
Avas the village or, as Ave call it in India, the numzii. This uiut, 
cramped and narroAv, has been replaced by aza groups, cojAtaining 
as many as 19 villages. The.se local associations have their oAvn 
measure of self-government under a council of village elders and 
enjoy comsiderable poAAcrs of taxation to meet expendituie upon 
works of local im.pioAement. They aie the points at AAhich the 
agricultural, educational, co-operative, irrigation, and engineering 
experts of GoA^ernment impinge upon village life ; and there is no 
doubt that the sense of a.s8t)ciation and lesponsibility thus fo.stered 
has given a poAA’erful impetus to the de\’elopment of -lapanese 
lesources. It has lieen found that tlie eidargcment of the parish 
and the creation of a ncAV respomsibility. make an antidote to the 
stagnation produced by individualism, piejudice, and narroAvness of 
ideas,- - in short, by tlie peasant spirit. Every village group has three 
or four primary schools, its own agruultural association, coimcil 
chamber, and circulating library ; and 80 per cent, of Japanese 
villages have co-operative societies, n\oie than half of which are for 
ci-edit and are Avorked on the principles of unlin\ited liability. 

The Japanese have been quick to grasj) that any countjy 
Avhich desires to make co-operation the means of its advancement 
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must, sooner or later, meet with disappointment if it follows the 
plan of trying to fit square pegs into round holes. Some twenty 
years ago the cultivated land of Japan was, for the most part, sub- 
divided into small, narrow, and irregular lots, olten imperfectly or 
not suitably irrigated and drained, with an insxifficient and generally 
unreasonable system of roads. In order to increase the produce of 
the soil by means of in igation and drainage and appropriate changes 
in the kind of (mltivation, to diminish the areas left unproductive 
as boundary land between two ct)Utiguous holdings, and to obviate 
all the inconveniences caused by the existence of numerous small 
lots belonging to the same proprietor but scattered over a large area, 
the Government of Japan passed a law for the readjustment of farm 
lands. This came into operation in 1900, and was amended in 1909 
when it was taken up for (jonsideration with the law governing the 
working of co-operative societies, upon which it has an important 
bearing. The latter law is good and com.prehensive. It deals with 
a system which includes a Gentral Association of Co-operative 
Societies for the whole of Japan, federations of co-operative 
societies in the various provinces of the Em.pire, a Land Mortgage 
Bank for all Japan. 46 provincial agricultural and industrial banks, 
and primary co-operative societies of all kinds. The organization is 
democratic and representative of all interests involved, and, even 
in a land of small holdings, it includes sucli institutions as the 
heiken-soko, or co-operative warehouses for graded and selected 
rice. The cultivator deposits his rice — which m.ust be up to 
standard — and, in exchange, obtains a deposit warrant which 
he can discount at his co-operative bank. In .1910 the Japanese 
Government comm.enced to make use of postal savings which 
are entrusted to the Deposit Sections of the I^partment of 
Finance, circulating them in the shape of loan^ to the Noko 
Ginko (Provincial Agricultural and Industrial Banks financing 
co-operative societies) and to the Nippon Kangyo Ginko (The 
Land Mortgage Bank of Japan). The Land Mortgage Bank 
guarantees the bond issues of the Agricultural and Industrial 
Banks, and helps them to keep their resources fluid by discounting 
their paper. 
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It is, indeed, the opinion of competent critics that despite the. 
poor reputation earned by Japan in matters of commercial morality, 
there is a definite endeavour afoot in tJiat country to have in the 
rural districts better men, women, and children. The highest aim 
of niral progress is to develop the minds and hearts of the rural 
population, and in all discussion of the rural problem it is necessary 
not to lose in technology a clear view of the final object. This 
essential aspect of the co-operative movement' has not been over- 
lookeil by Japanese statesmen. 



AGRICULTURAL HOLDINGS IN THE 
UNITED PROVINCES. 

BY 

Tick Uon’iu.k Mb. H. U. (’. H.MLKY. (M.K., I.C.K,. 

Director of IjiukI Records and Agriculture. Uuitid Prorluccs. 

The (“liararter ol tenants' hol(lin.g.s in. tlie United Provinces and 
the possibility of effecting some rearrangement in them witli a view to 
facilitating the development of agriculture have recently been attract- 
ing some attention.. The discussions on. tlie subject generally proceed 
on. the assumption that these holdings are. in the main, so far un- 
economic in size and incompact as to preclude the adoption of many 
forms of agricultural improvement. But the information on the 
first of these points is very inadequate, and all conversant with the 
land records system of the provinces will appreciate the difficulty 
of arriving at any definite idea as to the size of the average holding. 
This was strikingly illustrated, by the divergence of opinion expressed 
by witnesses appearing l)efore the Indian Cotton Committee when 
questioned as to the .size of a holding in the cotton-growing tracts. 
As a basis for discussion, therefore, regarding the desirability or 
otherwise of any rearrangement, it seems essential to obtain clearer 
information both as to the size of the holdings and the extent to 
which they can reasonably be said to be un.ecxinomic in charac'ter. 
On the second point there can l>e no difference of opinion ; yet it 
would often appear that the reasons which have led to formation 
of incompact holdings and the difficulties, from the point of view 
of cultivating the land, of consolidation are not clearly under- 
stood. 

An attempt has accordingly been made to ascertain the size 
of the average tenant’s holding in different parts of the provinces 

( 526 ) 
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from lUV cxamiluitiou of the village icgintcrs. Tlicse are. liowever. 
primarily intended to record the nature of the tenure and the rent 
payable by the tenants, and the arrangement followed not only 
does not facilitate an enquiry of this nature, but leads to some 
misunderstanding of the actual position. 

'I’his will perhaps appear most clearly if. before ex])laiuing 
the method adopted, the difficulties of extracting the infctrin.ation 
required from the registers are set out. 

1 . The mahal * and not the village is the revenue unit, and conse- 
quently a tenant may hold land in a number of different m/ihals, 
the records of which are kept separately. 

2. The khataunif is arranged by tenures, and a tenant mav hold 
land under several tenures. 'I’hus an energetic familv mav hold 
land as oer upanev and non.-oia upancy tenatrts and subtenants of 
sirX or of (ff her right holders, and each plot will be shown under a 
separate heading. Nor does the complication end liere. since some 
of the temporarily held land, may Ire taken on lease by a member of 
the group, other than the head of the family, and vet cultivated, 
jointly. 

3. In, some parts of the prtrvinces the villages are closelv crowd- 
ed together, and. tenants hold land in more than one village. 

4. The greatest complication is caused by the joint holdings. 
A number of persons may have rights to a particular plot ; some 
of whom are shownr as holding other plots separately, the cultiva- 
tion being also separate. As an example, 13 persons were shown as 
having rights in 43 acres, of whom seven were also tenants, jointly 
with other persons not Irelonging to the first group, in. seven 
other holdings which were found on inquiry to be cultivated 
separately. In these cases, the original holding has usually been 
subdivided by a private arrangement ; such subdivisions not 
being recognized by the rules framed under the Land Revenue 
Act. 

♦ Mahal m the area for which a Boparate agreement for the payment of land revenue w 
taken. It may he a single village or part of a village, or may include more than one village. 

t Khatauni is a register of persons cultivating or otherwise occupying land. 

J Sir is land held by a landholder under special privileges. 
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5. A striking feature in almost all village returns is the num- 
ber of single fields, or small plots, held by persons not entirely 
dependent on their land. These comprise labourers in villages and 
towns, carpenters, blacksmiths, barbers, priests, etc. It is very 
doubtful Axdiether these should l)e called “ holdings ” at all, and 
should not rather be classed as “ allotments.” The owners often 
do not own cattle themselves, but depend on their patrons or 
neighbours, or cultivate by hand labour. The inclusion of 
these plots would obviously re<lu(;e the area of the genuine 
holdings. 

Tlie net result of the above is often to lead to an underestimate 
of the size of the holding ; since land held under different tenures 
or in different villages is not included in the calculation. 

The only satisfactory method, therefore, appeared to be to 
take each group and ascertain from inquiry the extent of their 
holdings under various tenures, correcting the result and ascer- 
taining areas from the registers. vMlotments held by ^lersons who 
do not depend entirely on agriculture have been excluded. This 
is a slow and laborious proceeding, and only a limited area in a 
few selected districts could be covered. But the conclusions, 
though very imperfect of themselves, can be supplemented by those 
arrived at by Settlement offit^ers who have dealt with the question 
in their reports. 

It is well known that tb.e holdings in the eastern, or rice-growing 
portions of the provinces, are smaller than in .the western, and the 
population is denser. On the other hand, in Bundelkhand, with an 
average density of only 218 per square mile, the holdings are too 
large for the tenants to manage with their very imperfect implements, 
and many include a considerable proportion of fallow or waste. 
The latter tract was, therefore, excluded altogether, and districts 
typical of other tracts selected for examination. 

Gorakhpur was taken as fairly representative of the eastern 
rice-growing districts. IJnao is a central district standing between 
the rice and cotton-growing trarts. (.'awnpore and Mainpuri are 
fairly representative of the wheat and cotton-growing tracts ; Meerut 
of the wheat and cane-growing tracts. 
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The results are set out below : — 


District 

Averapfe holditifiC 
(excluding; allotments) 

Area per plough 


ji 

Acres 

Gorakhpur 

3-19 

Unao 

5 00 

5-5 

Oawnpore 

550 

64 

Mainpuri 

4-90 

5-6 

Meerut 

6-45 



. It may be mentioned that it was particularly difficult to arrive 
at any conclusions with regard to the Gorakhpur Distri(-t, owing 
to the fact that large numbers of proprietors themselves cultivate 
land as tenants of other proprietors. For this reason no figures 
of the plough rate could lie quoted ; while those of the Meerut 
District are also said to be unreliable. 

Taking the .^ttlement reports, in the Gorakhpur Settlement 
report it was stated that no statistics were to hand showing the 
actual number of occupancy tenants who were also tenants-at-will ; 
but figures were quoted to support the assumption that, if allowance 
were made foi' land held under both tenures by the same individuals, 
the average would be about 3 acres. 

In the Allahabad report the average was put down at 2-72 acres. 

In the report of the Fatehpur District, which stands between 
Allahabad and Oawupore, the Settlement officer wrote, “ to obtain 
the average size of each holding, the total tenant area has been 
divided by the real number of resident holdings (non-residents lieing 
excluded). The resultant figure, viz., 4-38 acres, is a small one and 
indicates considerable pressure on the land.” 

In Shahjalianpur the average tenant’s holding w'as said to be 
5 acres, and the average number of acres ploughed by every plough 
was found to be 7. 

In Pilibhit, a somewhat sparsely populated district, the Settle- 
ment officer from inquiries in various villages estimated the average 
area held by tenants at 7 to 8 acres. 

The matter seems to have received most attention at the Morada- 
bad Settlement, in which district the average holding’s area was put 
down at 6*77 acres. It is stated : “ Great care has been taken in the 
preparation of this statement. The numbers of real tenants are 
those obtained after eliminating all names which have previously 

2 
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occurred in the village, either in another mahal, or paMi* or under 
another section of the khatauni.” In Agra, the average holding of 
an occupancy tenant plus his land as a tenant-at-will was estimated 
at 8’1 : that of tenants-at-will at 6 acres. The Muttra figures closely 
correspond. The Settlement officer of Saharanpur, who also carried 
out the Allahabad Settlement, writes that on the information to 
hand, .wffiich is by no means complete, the average holding of that 
district may be put down at about 8 acres. 

It will be seen that there is a gradation in the size of the holdings 
from the west to the east of the provinces. To a certain extent 
this is connected with the relative density of the population, but, 
as the following figures will show, this cannot be the whole explana- 
tion — 


District 


Meerut 
Saharanpur 
Moradabad 
Mainpuri - 
Cawnpore 
Unao ... 
Allahabad ] 
Gorakhpur 
Basti 

Partabgarh 
Jaunpur J 


Eastern districts 


Population, per 
square mile 

648 

483 

553 

476 

482 

510 

613 

707 

65*4 

624 

746 


Meerut with relatively large holdings ranks next in point of 
density of population to Gorakhpur ; while a number of districts 
have a heavier population than Allahabad where the holdings appear 
to be extremely small. Another explanation is afforded by the 
census figures showing the proportion of the population supported 
by agriculture alone and that supported by industries. 


Western 


Eastern 


Districts 


Percentage 
of population 
supported by 

Percentage 
of population 
supported by 

Meerut 


agriculture 

55 

industries 

21 

Saharanpur 


44 

22 

Agra ... 


60 

18 

Moradabad 

... 

62 

18 

Cawnpore 


59 

14 

Mainpuri 


66 

14 

Allahabad 


71 

10 

Gorakhpur 


88 

4 

Basti 


87 

4 

Partabgarh 


82 

0 

Jaunpur 

... 

81 

0 


* Part at makak 
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Throughout the eastern districts the proportion of population 
engaged in agriculture alone is high, and some diversity of occupation 
would certainly appear to relieve the pressure on the lan.d. 

How far these holdings can be considered uneconomic must 
depend largely on the meaning attached to the term. It is some- 
times used to imply that the holding is too minute to maintain 
the occupants in reasonable comfort : sometimes, that its size and 
situation do not admit of the application of the best methods of 
husbandry. But the expression must connote waste in some form. ; 
either of the land, or of human or animjil power. Whatever criterion 
is applied, it will probably be admitted that holdings of 3 acres 
must be classed as uneconomic for the production of staple crops ; 
and that they do not occupy, either fully, or to the best advantage, 
the human and anim,al labour. There is the additional disadvantage 
that the occupants, being barely able to get a livelihood from the 
land, have no surplus to devote to any form of improvement. 
Agriculture thus does tend to stagnate in such tracts. 

The case of a 5-or-6-acre holding is open to more doubt. This 
is as large an area as one pair of bullocks can work properly with 
Avell irrigation, and, looking to the diversity of the crops grown, 
the system of double-cropping which is customary even with cotton, 
such a holding will keep a family of moderate size fully occupied. 
If enlarged to a two-or-three-plough holding, hired labour in propor- 
tion to the increase would be required. It seems somewhat idle to 
discuss the optimum holding of a peasant farmer, since so much 
must depend on a number of factors, such as the character of the 
soil, nature of the cultivation, facilities for obtaining water, etc. 
If not unduly small for present appliances, the inadequacy of a 
holding in the western districts might become pronounced with the 
introduction of improved implements. 

As Japan is sometimes held up as an example to be followed 
in agricultural reorganization, it may be not uninteresting to com- 
pare the size of the holdings in that country. In the report of the 
Agricultural Bureau published by the Department of Agriculture 
and Commerce, Tokyo, it is stated : “ It will be seen that when the 
arable lands in the country are distributed among each farmer’s 
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family, the average area is 1 cho 7 se in farm lands (slightly under 
three acres) — the fact that our farmers live on such a small area 
of land may be attributable to the utilization of the farm as two 
crops fields.” The distribution is here by family, whereas in these 
provinces a holding is frequently cultivated by several families, 
and allotments have been excluded. If the same method of calcula- 
tion were followed, holdings in Japan would probably not be much 
smaller than the medium-sized holdings in the United Provinces. 

The figures, however, quoted above do not set out the whole 
situation. Account has to be taken of two other factors ; (1) the 
amount of sub-leasing which prevails ; and (2) the size of some of the 
groups composing the cultivating units. The extent to which sub- 
leasing prevails varies very much in different parts of the provinces ; 
being as high as 29 per cent, in the Benares Division and falling to 
9 per cent, in the Meerut. Without quoting more figures, it may be 
said that it is most common among high caste tenaivts, and com- 
paratively rare among the energetic agricultural castes, such as Jats 
and Kurmis. The right holder in such cases sinks into the position 
of a petty proprietor, leasing the whole or part of his holding to a 
subtenant. The latter is rack-rented and his position is precarious : 
his land is in consequence usually badly cultivated. The inquiry 
further showed that many of the cultivating ui\its were composed 
of several families, sometimes as many as four and five. In some 
cases they cultivated in common : in otliers they had privately 
subdivided the land and, what is worse, cut up the fields. Such 
subdivisions not being recognized, joint liability for the rent remains, 
and the whole area is treated as a single holding. The figures of 
holdings, therefore, are so far less favourable than they appear on 
the surface that the area may have to maintain an excessive number 
of persons, and the real unit of cultivation may be something smaller 
than the recorded holding. These features of the land system are 
due to the intense pressure on the land, and, so long as the same 
causes remain at work, must be reckoned with in any scheme for 
promoting agricultural improvement by enlarging the holdings. 
Legal restraints have proved inadequate to prevent wholesale 
sub-leasing and subdivision, and these tendencies, by lowering tho 
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real unit of cultivation, would cut at the root of any such scheme 
for reorganizing holdings. 

Though greatly accentuated by the scramble for land and sub- 
division of proprietary rights, fragmentation of holdings may often 
be traced to the necessity of apportioning the land so that each 
sharer had fields for cultivation at both harvests. In a typical 
rice-growing tract the villages cluster on the high land which is 
under wheat or other spring crops, tlxe low-lying flooded fields 
beyond being reserved for rice. Consolidation of holdings would 
bring the cultivator no ixearer his land, unless the style of village 
architecture were so altered that he could live in the rice fields ; 
while it would have the disadvantage that the holding, instead 
of consisting partly of rice and partly of wheat land, would be 
made up wdiolly of either one or the other. Owing to the irregularity 
of the monsoon, rice in the United Provinces is a most uncertain 
crop, unless irrigation is available. In those parts of the submontane 
districts where w'ater is near the surface and the land generally w'ell 
suited for house-building, the villages are either closely packed to- 
gether or have broken up into a numlxer of small hamlets. Here the 
inconvenience from incompact holdings is probably slight, and the 
uniform standard of the cultivation illustrates the advantages of 
the cultivator living near his w'ork. It may be mentioned that the 
(uiltivators themselves most thoroughly appreciate this advantage, 
mainly ’oecause of the inconvenience t)f watching their crops when 
at a distance from their homes. Over, perhaps, the greater part of 
the provinces the difficulty of consolidation is one of water. The 
w'ells are tisually in, or comparatively near, the village, the presence 
of a good water-supply possibly determining the site. A typical 
holding in such villages consists of a plot of land in the highly 
nxanured home land round the village, another in the middle zone- 
less highly manured, but possibly irrigable from the wells — ^and a 
third in the outlying zone which is unirrigated and given up to rains 
crops. Such a distribution gives the cultivator a good diversity of 
crops, and keeps him occupied all the year round. Distribution of 
the land into compact holdings would only be workable provided 
wells were constructed in the outer zones, and boring experience 
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shows this might not always be feasible. To take a man away 
from his water-supply to bring him nearer his work is a doubtful 
boon in India. At the same time there is no class of villages which 
would benefit more from a policy of consolidation of the holdings, if 
accompanied by the provision of a water-supply. The outlying 
zones are usually under poor and irregular cultivation, and there are 
often patches of waste between the villages. The establishment of 
hamlets — single homesteads would mean too many wells — would level 
up the standard of cultivation and bring fresh land under tillage. 
It might seem that the canal tracts offer the best opportunity 
for a policy of consolidation. This is possibly the case in some vil- 
lages, but canal irrigation rarely extends over more than part of the 
villages in the United Provinces, and the same obstacle would arise, 
viz., that some of the holdings must be entirely outside the irrigated 
area, to the ruin, of the less f ortunate in dry years. For the provinces 
as a whole, therefore, consolidation of holdings is, at present, a 
counsel of perfection ; but it could be carried out with great advant- 
age in limited areas. When new wells are put down, or pumping 
plant installed to command areas hitherto either uncultivated 
or highly precarious, arrangements could often be made for dividing 
the land into plots of suitable size and letting it in compact holdings. 

There would, too, be undoubted advantages in bringing together 
fields held by individual tenants in the same block, that is the rice 
or wheat-growing block, so long as the main distribution of the 
holdings among the different blocks were not affected. But such a 
measure would only be feasible if all the land were held in the same 
tenure and under the same proprietors. 

The whole agricultural system of the provinces has in fact 
been adapted to meet the predominant feature of the climatic 
conditions, viz., the uncertainty of the rainfall. This has led the 
agriculturist to aim at security rather than high results, and to 
frame his annual crop programme so as to eliminate the chances of 
total failure. This attitude may be seen in every phase of his 
operations— in the growing of two crops, often to the detriment 
of the main crop — in the habit of sowing mixed crops, to the despair 
oi the statistician — ^in his preference for hardy, if low-yielding 
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varieties — and, in the land system, in the distribution of the different 
classes of land so as to secure at least one crop in the year. It is 
not conducive to good agriculture ; but it has enabled a dense 
population to meet with success the vicissitudes of the season. A 
change in this attitude can ordy be expected with a modification 
of the conditions which have forced it on the agricultural population, 
that is, as the gradual increase of protection lessens their dependence 
on the annual rainfall. 



THE FRAGMENTATION OF HOLDINGS AS 
IT AFFECTS THE INTRODUCTION OF 
AGRICULTURAL IMPROVEMENTS.* 


BY 

B. (?. BURT, B.Sc., M.B.E., 

Deputy Director of Agriculture, Central Circle, United Provinces. 

In a previous paper^ read at the Indian Science Congress in 1916, 
some of the more general considerations affecting the re-alignmcnt 
of agricultural holdings were discussed, and it was pointed out that 
the present system led to very great loss of agricultural efficiency. 
Since that time considerable interest has been shown in the subject, 
and the debate at the last meeting of the Board of Agriculture at 
Poona, * based on Mr. Keatinge’s paper and draft bill, helped con- 
siderably to define the issues. Mr. Keatinge’s paper rendered great 
service in one direction amongst others, by showing that the question 
of the size of the economic holding, though of great importance, was 
not necessarily identical with the prevention of fragmentation of 
holdings, although the two problems had often been discussed as 
one in the past. 

In several districts in the United Provinces, there is good reason 
to believe that the average holding is somewhere in the neighbour- 
hood of three acres. It is hoped that, in the near future, further data 
will be available, showing the number of holdings of various sizes in 
villages typical of certain tracts. As to what may be considered 
an economic holding will depend largely on the basis one adopts, and 
clearly the figure chosen must vary considerably with the nature 

* A paper read at the Sixth Indian Soienoe Congress, Bombay, January, 1919. 

^ Agricultural Journal of India, Special Indian Science Gont^resi NumW 1916, p. 89* 

9 proceedings of ike Board of Agriculture in India held at Poona, 1917, p. 26* 
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of the soil, the crops grown, and the nature of the sources of irriga- 
tion. But for typical canal-irrigated land in the Cawnpore and 
adjoining districts, eight acres of mixed farming probably represents 
the area which can be managed with a single pair of ffood cattle to 
advantage. With wheat and cotton as the principal cash crops, and 
with the usual percentage of irrigation — ^the n>.ore important subsi- 
diary crops being (A. Sorghum) with arhar (Cajanus itidicus), 
gram, maize and some barley — this area also enables a satisfactory 
supply of fodder to be grown and would allow of fair provision of 
grain for the cattle. Many much larger holdings carrying several 
ploughs are knowir to exist, and also nrany much smaller. How far the 
smaller holdings are really uneconomic, and how far they represent 
the Indian equivalent of “ allotments ” cultivated by labourers 
who are oiUy partly dependent on them, it is diflicult to say ; but one’s 
general impression is that it is only as the country develops and other 
outlets for labour arise that the holding below the econoin.ic size will 
vanish. The small holdings held by labourers will probably always 
remain. The desire of this class to obtain land is often intense, as 
it often affords practically their only chance of social betterment. 

But a compact holding of eight, or even six, acres is a vastly 
better proposition than the present type of holditig of this size. 
Even if we admit that drastic action to lin\it the niinimum size of 
holdings is at present impo.ssible, there is no reason why steps should 
not be taken to limit the evils of fragmentation. In the districts 
referred to above, there is a very large number of holdings of undoubt- 
ed econonuc size, varying from eight to twenty acres, with a smaller 
numl>er of larger holdings, all of which would be (capable of really 
good working were they reasonably compact. Many large occu- 
pancy holdings exist, but few of them are worked to the best advant- 
age, and considerable portions of many of them are sub-let. Whilst 
there are often other reasons for this, particularly in the case of some 
castes, the writer has often been told by the tenants-in-chief that 
the sub-letting is due to the difficulties of managing a scattered 
holding, particularly of providing for the watching of crops. Thus 
we have potential farms sub-let in bits and lose an asset of consider- 
able importance. 
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The same difficulty arises with the land of cultivating zemindars. 
The number of zemindars who own considerable areas of air or 
khudkasht land, which theoretically form their home farms, is large, 
and such men are an important asset in the introduction of agricul- 
tural improvements, since they generally possess some education, and 
have a certain amount of capital, besides being extremely influential 
in their own circle. But here again any attempt at farming, as dis- 
tinct from the cultivation of a miscellaneous collection of fields, is ren- 
dered the more difficult by the scattered nature of the land and the 
difficulties encountered in any attempt at obtaining compact areas. 
The writer has come across several cases where small cultivating 
zemindars, in an attempt to obtain a compact bit of land, have taken 
up and brought into cultivation pieces of waste or grazing land and 
have sub-let their old sir land. Such opportunities are rare, however, 
as the districts mentioned are closely populated, and there is little 
culturable fallow except where irrigation is non-existent or precarious. 

A small experiment in the Cawnpore District has given us 
definite data as to the possibilities of small home farms cultivated 
by their owners. With the assistance of the department, a small 
Kurmi zemindar devoted the whole of his sir, and also some rented 
land, aggregating approximately 40 acres, to the growing of improved 
varieties of crops with the methods of cultivation adopted on our 
seed farm. Profitable though this was, he was convinced, in the first 
year, of the waste of labour and unsatisfactory results which resulted 
from scattered fields. After some trouble and with a great deal of 
assistance from the Collector of the district and his staff, a compact 
area was obtained by voluntary exchange with other zami'ndars and 
cultivators, but this was only achieved by the former giving up some of 
his best land and taking in exchange a block of land more remote 
from the village site and assessed as much less valuable. The results 
amply vindicated the value of a compact holding. The Irrigation 
Department were at once able to render important assistance as 
regards water-supply, economy in management was immediately 
apparent, and the crops of Pusa wheat, Cawnpore- American cotton 
and other crops raised were in no way inferior to those on our own 
farms. On the owner’s own showing, and after allotting hiiuself 



PEAOMENTATION OF HOLDINGS 


539 


the usual rent on the land, the very useful net profit of Rs. 50 per acre 
was obtained. Unfortunately, under our present Rent Acts, it is not 
often possible to arrange compact holdings by agreeinent. 

In discussions which have taken place on this subject, it has been 
impossible not to notice a feeling, on the part of some revenue officers, 
that the agrimiltural departments are going outside their own sphere 
in taking up a matter which they view as primarily economic, and 
that the departments would do better to restrict their energies to 
more purely technical matters. Were this view based on correct 
assumptions it would temporarily carry some weight, as the agri- 
cultural departments are admittedly under-staffed and already 
have on their hands as much as they can manage. Apart from the 
fact that all means of rural betterment must come eventually within 
the consideration of the departments charged with agricultural 
development, there is the more immediate point that fragmentation 
of holdings imposes distinct limits on the introduction of agricultural 
improvement. Whether it be the introduction of a new crop, new 
variety, or improved method, it should be possible — once the proposed 
improvement has been well worked out on an experimental farm and 
proof given that it can be profitably employed, and that it involves 
nothing beyond the means of a well-to-do cultivator — to proceed 
unhesitatingly with its introduction. This, however, is not the case. 
When farm testing is extended to village testing, failures occur as the 
result of conditions which ought not to exist. The writer has had 
under his notice several varieties of cotton with distinctly desirable 
commercial qualities and with apparently the necessary agricultural 
characters to ensure high yield, which, given ordinary decent culti- 
vation on departmental farms, have yielded well enough, but which 
under village conditions, through water-logging caused by inadequate 
surface drainage, have done badly. This led to the conclusion that 
the local desi cotton possessed a certain degree of tolerance to 
water-logging which had not previously been considered of import- 
ance. Now the production of an improved staple crop is a sufficiently 
difficult and lengthy process as it is. The number of charac- 
ters to be dealt with is considerable, and every additional character 
to be consideied makes work more difficult and slower. If it is also 
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necessary to consider a somewhat indefinite character, which only 
appears under faulty conditions of cultivation, progress is further 
delayed. In many villages inadequate surface drainage is purely 
a matter of small and scattered fields. With compact, if small, 
holdings, great improvement would be possible at nominal cost. Is 
one not justified in attacking the problem from both ends 1 

What has been said of cotton is equally true, though to a less 
marked extent, of wheat. An improved wheat is, in a sense, a more 
efficient machine, and unless it is given the cultivation necessary to 
achieve high yields, its full value will not be obtained. Nor can 
wheat of high milling quality be grown on ill-drained land. This 
point has been strikingly brought out by the result of crop cutting 
experiments on Pusa 12 wheat in villages. Instead of a possible 
yield of 30 maimds per acre on really fertile land and 25 maunds per 
acre on average land (as compared to the district’s tu)rmal 16 maunds 
of desi wheat), many cultivators were getting only 19 maunds per 
acre, or one-third of the possible increase. In the same villages 
higher yields were being obtained on well-cultivated or well-situated 
fields. The effect on quality was almost as marked, though com- 
plicated by excessive irrigation in some cases, 

Such examples could be multiplied. Scattered holdings usually 
mean small fields, and even if drainage is not interrupted, such fields 
are difficult to plough correctly or to cultivate well. One is justified 
in asking whether such changes in the tenancy laws are not possible 
in zemindari provinces, as will enable those who realize the advant- 
ages of compact holdings, to take steps to get them, and will 
reduce the present tendency to further fragmentation. 



AGRICULTURE AND IRRIGATION ; A PROBLEM 
OF ECONOMIC DEVELOPMENT. 


BY 


S. K. CiURTU, M.A., 

Mvmhf.r, Doiird of Revenue, for Ini (jut ion, Gw.ilior. 


“ When I hear the simplicity of contrivance aimed at in any 
new political constitutions, T am at no loss to decide that the 
artificers are grossly ignorant of their trade, or totally negligent 
of their duty. It is better that the whole should he imperfectly 
answered than that, while some parts are provided for with great 
exactness, others nfight he totally neglected, or perhaps materially 
injured, hy the over-care of a favourite member.” --[RMrA'e’.*' 
Reflections on the French Revoltilion.] 

The above observation is as much true of other institutions as 
of political. Civilization is getting more and more complex, and its 
component parts, and eventually the whole, suffer for want of 
co-ordination and neglect of the less favoured ones. The science 
of agriculture has long suffered from neglect. Up till very late, 
agriculture was supposed to be the business of the illiterate cultivator. 
I have no desire to find fault with the Indian cultivator for not 
knowing better. Indeed, it is a matter of surprise that, born and 
bred in ignorance, he yet contrives to be so successful in agriculture, 
by following the principles which have descended to him in an 
unbroken chain for thousands of years from his forefathers, but 
his prinutive methods are unsuited to the present conditions of rapid 
development. India should be grateful to Lord Curzon for having 
created an Agricultural Department and encouraging research. 
The Indian States, too, have not been slow to follow in the wake of 

( 641 ) 
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the Government. I am not in the Agricultural Department and 
hence have no right to express any opinion about matters agricultural, 
but the relation between agriculture and irrigation is so intimate 
and indissoluble that my remarks, 1 trust, will not be considered 
out of place. Indeed, only on the establishment of correct relations 
between the departments of revenue, irrigation and agriculture, 
the economic development of our vast areas is possible. At 
present the three departments work, more or less, in water-tight 
compartments. Each regards the criticism of the others as 
meddleson\e. Criticism is always valuable, but to achieve its 
ends it should be constructive. The attitude of armed neutrality, 
almost hostility, exhibited by these allied departments towards each 
other, is not unnatural under the existing niles and circumstances. 
That far-sighted statesnian who would blend the activities of all 
these into one homogeneous whole has yet to come. It will be his 
duty to show that the best interests of every one of them can only 
be attained by co-operation and co-ordination. 

Once upon a time the different n^embers of the hun\an body 
rebelled against the stomach. The eyes thought that the whole 
body would be useless without their service. The legs raised an 
uproar that if they refused to work the body would die of inanition. 
The hands similarly vociferated that the entire civilization was built 
by them. In short, each component part of the body asserted its 
importance, but all were agreed that the stomach was not only 
useless but a wasteful luxury. It consumed and appropriated the 
best of what the world could produce. All the rebels struck work 
and gloated on the discomfiture of the stomach. The poor stomach 
collapsed, but being wise held its peace. As it took no food, it could 
send no nourishment on to the different organs whose functions began 
to suffer. The eyes grew dim, the legs began to totter, the hands lost 
their nerve, and every limb was in distress. The rebels very soon came 
to their senses and realized that while all of them were doing their 
respective duties in the human econom.y, the stomach had its uses 
too, and that the well-being of the whole depended on the well-being 
of all the parts. This is a homely parable, but it applies in full 
force to the unco-ordinated and exclusive activities of the 
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departments of revenue, irrigation and agriculture. If the Revenue 
Department were to act more considerately in its dealings with its 
sister departments, and were more ready to accept the advice of 
irrigational and agricultural experts, and these, in their turn, accepted 
their interdependence on the Revenue Department, we would not see 
BO many lakhs of acres lying uncultivated, and the present criminal 
waste of water and harrowing visitations of famine will become a 
thing of the past. The existing irrigated area in India is about 
20 crores of acres. It does not require any effort of imagination to 
see that this could easily be doubled if the results of the researches 
of the agricultural experts were given due weight by the irrigation 
and revenue offi(;er8. 

Plants are living organisms. They require food, water and 
air. The soil supplies the main portion of the food, irrigation works 
supply water, and the air is there in abundance if the cultivator only 
knew how and when to supply it to the roots. At present water 
is supposed to be the panacea of all evils, if the soil is poor, water 
is supposed to make it fertile. If there is excessive heat, water is 
called upon to reduce it. Water again is called into requisition to 
counteract the rigours of cold. Water does all this, but more is requir- 
ed than water. The roots require air as well. There is sucdi a thing, 
Mr. Howard rightly says, as poisoning the roots with too much water. 
It will be unnecessary for me to dilate on this point, as this aspect of 
the subject has been well brought out by Mr. and Mrs. Howard of 
Pusa in their Bulletins,^ which are important enough to be studied 
by every irrigation and revenue officer. 

Over-irrigation and wasteful application of water produce 
harmful effects in several ways— 

(1) by reduction in the yield of crops per acre; 

(2) by impoverishment and deterioration of soil ; 

(3) by spoiling the climate, rendering it too humid and 

malarious ; 

(4) by rendering irrigation works less efficient and consequent 

loss of revenue. 


* Agrie, S»$. M,, Ptua, RkB. Not. SS and 61 . 
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Leaving aside the minor harms of over-irrigation, if we try to 
appraise the monetary value of the above factors only, it would, for 
India as a whole, run into millions of rupees. Over-irrigated crops 
yield about half of seasonably-irrigated ones. When we see that 
all irrigated area is more or less over-irrigated, this factor alone is 
potent in reducing the total outturn and, in ctmsequence, the wealth 
of the country. The damage caused to the soil and to the future 
generations can only be realized on observing the condition of 
water-logged areas. The effect on climate cannot be expressed in 
money, but the loss to India of valuable lives by malaria is very 
great. Malaria is a slow and insidious disease, and does not attract 
that attention which (iholera, plague a»ul similar epidemics do, but it 
claims more victims annually than all of these put together ! Is it 
not therefore worth our while to harken to the friendly voice of the 
agricultural experts, and modify our ways of irrigation and cultiva- 
tion ? I am not a theorist, and fully realize what this means. This 
nieans a revolution in our present methods of cultivation and 
irrigation ; no more and no less. It would necessitate overhauling 
and remodelling the entire irrigation systems of India on which 
crorcs have been spent. This is a gigantic task, sufficient to stagger 
the invagination of the engineers ; but if we want to develop India 
economically, the difficulty must be faced, and the sooner we do it 
the better. It will also give food for thought to the financiers. They 
might well grumble at having to loosen their purse strings, but 
the war has amply proved that parochial methods of financing are 
no longer tenable and must be discarded, and higher finance should be 
allowed full play if nations do not. want to lag behind in the race 
of advancement. The present difficulties must not be allowed to 
cripple the future. Financing and construction of large irrigation 
works are, at present, considered apart from each other. This is 
incorrect. They must be considered together. Readers of this 
article will do well to study Professor Stanley Jevons’ article on 
the “ Art of Economic Development ” in the January (1918) 
Number of the Indian Journal of Economics. 

Engineers flushed with the success of their enterprises are rather 
impatient of criticism of their method from agriculturists, but if 
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the latter continue to follow their propaganda with persistency, it 
will not take them long to get a patient hearing and convince the 
engineers of the value of their researches. 

Mr. Howard lays great stress on reducing the numbers and 
depths of waterings, and he has tried to show that if the soil is in 
j)roper tilth, and proper root-aeration and soil ventilation are carried 
out, it is qyite possible to raise wheat ofi one watering in alluvial 
tracts. Much more so is it possible in black soils of Malwa, owing 
to their greater retentiveiiess. He is of opinion that this can auto- 
matically be achieved by supplying water by measurement. This 
is certainly the goal to be aimed at, but 1 am afraid it would be too 
early for the prinutive conditions of India, where the agricultural 
classes are illiterate and ignorant. It is carried out in America and 
has proved a great success, not only in economizing waste of water, 
but in reclainring water-logged tracts. 

Up till very late, it was usual in Gwalior to allow for a duty 
of 20 bighas (10 acres) per million cubic feet of the water stored. This 
included all loss in transit and worked out to a depth of 26 inches. 
This was of course very rough and encouraged waste in application, 
for as long as the staff attained this duty, their work was considered 
satisfactory ; Init recently, with a view to minimise loss in application 
and to arrive at a juster estimate of the irrigation possibilities of our 
works, I have laid down the following scjale, which is only applicable 
for small projects with length of channels up to 10 miles 

Table showing the duties of one millimi cubic feet of water for differetU 

crops. 


Doty per million oubio pert 


Serial { 
No. 

Name of crop 



Sandy porous 
soils 

Remarks 

. Inipervioiifl 
soils 

Loamy soils 


1 ' 

A, Kharif 

nice 

i 

Bighas 

20 

Bi^^has 


2 

I Cotton 

: 1 90 

60 

45 



B, Jtahi 

1 

40 

20 

1 

3 

! Wheat 

W 


4 

{ Oram and other piilees 

180 

125 

70 



! C. Perennial 

•i 

; iO 

1 


1 

5 . 

; Sugarcane and gallons .. 

5 



3 
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For large projects, with lengths of channels ranging from 10 to 
100 miles, a different procedure is adopted. Before determining 
the carrying capacity of the main canal and its distributaries, it is, 
in view of local c^onditions, fixed wliat proportions of different 
crops will be developed in the tract under consideration. This, of 
course, is a rough approximation, but answers all practical require- 
ments. The proportion having been settled, the quantity of 
water for hharif and rahi crops is worked out from the following 
standard numbers and depths of waterings. As far as possible, the 
hharif and raid crops are so balanced that they require about the 
same discharge. As the Gwalior canals work alternately from 
June to October for hharif, and October to March for rdbi crops, 
it is evident that the capacity of maximum economy is attained by 
balancing the hJiarif and rahi discharges : — 

Standard numbers and depths of waterings. 



No. OF WAIEllINC.S 

Depth of 

WArERINOS 


Name of crop 

[inpervioufi 

clay 

PorouH 

loam 

Impervious 

clay 

Porous 

loam 

Rkmahkh 

1. Khurif- 
{a) Kice 

4 

8 

2* 

V 

The wateringf) in 

(6) HuKaioaiie 

4 

6 

2" 

4"'. 

the kharif sea- 

(r?) CottoQ 

2 


ir 

2" 

sons are in addi- 

‘2. Rahi-— 

(a) Wheat ... i 

‘2 

4 

2'. 

X 

tion to water sup- 
plied by 1 ains. 

(6) Oram ... i 

1 

o 

'J 

r 

(r) Sugarcane ... | 

6 



X 

i 


The above depths of waterings are on the fi.eld8. Loss in 
transit on large canals is considerable. On the basis of experience 
acquired in the Punjab, the loss for evaporation and absorption is 
allowed for at the rate of 10 cusecs per n\illion square feet of wetted 
area. It is hoped that with the introduction of this procedure, of 
a more careful supervision and encouragement of a single watering, 
it will be possible to greatly reduce waste in Gwalior canals and 
increase their efficiency. That this is working satisfactorily is 
clear from experience gained on the Bhind canal. The storages of 
the Sank-Assan scheme aggregate to 10,000 million cubic feet. Mr. 
Preston considered these would suffice to irrigate one lakh bighaa or 
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60,000 acres. This gives a theoretical duty of 10 bighas j ei'ii illion 
cubic feet, but during the last three years the duty attained is about 
double of this. 

Charging by measurernent in India is a bit too early. The 
nearest approach to it is charging by the number of waterings. In 
the British provinces, the Irrigation Department charge for ca’ops 
matured. In the Irrigation Act of Gwalioi’, the 8tate has wisely, 
at my recommendation, alhnved chai’ging S annas per bigha for 
a single watering. In black soil tracts, irrigation is unpopular, as 
owing to their retentiveness no watering is generally necessary for 
rabi crops, and in years in which the rainfall is not well distrilmted, 
or fails in October or in winter, one watering is needed. The irri- 
gator is averse to pay 11. 1-8 for one watering. The ])rovision of 8 
annas fo»‘ a single watering comes in very handy and is slowly leading 
to the extension of irrigation in Malwa. In Irrigation Paper No. 15 
(“ Development of high class crops in black cotton soils inillalwa ”), 
1 have tried to explain to the revenue officers attd the cultivator 
that the. raimu d’etre of the irrigation works is not merely to mature 
kharif and rahi (Tops, but (1) to provide Avater for donw^stic and 
drinking purposes, as there are no sub-soil springs ; (2) to supplement 
rainfall in years of drought ; (3) to raise high class crops like sugar- 
cane, paddy and opium, requiring not only a larger number of water- 
ings but water at the fag end of the irrigation season (May or .Tune), 
when water (am only be had from irrigation works ; and (4) to increase 
the yield })er bigha and improve the quality of kharif and rahi crops. 
I have attempted to show in that paper that because rahi and 
kharif crops of inferior sorts can be raised without artificial irriga- 
tion, it is no argument against other legitimate and more paying 
uses of water. It is difficidt to pierce the thick skin of the Indian 
cidtivator, especially as it is covered witli a layer of ignorance of ages ; 
but he is shrewd enough to understand what touches his pocket. 
Ihis is why the advantage of paying 8. annas per watering is 
slowly sinking into his consciousness, and he is taking more and more 
water, not because my arguments have convinced him, but because 
he sees that it is to Ms advantage to extend irrigation by comparing 
the results of single-irrigated fields with those of the non-irrigated 
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ones. The advantage of a single watering would be more in evidence 
if he knew something about the soil atmosphere and the necessity 
of soil-aeration aiid root-ventilation. This is partly done by Nature 
in Malwa, as the blacji cotton soil gets badly c-racked and permits air 
penetrating to the roofis. This qualit}' of Assuring, perhaps, accounts 
more for the proveybiftl fertility of black cotton soils of Malwa than 
any inherent quality. 

This subject is a vast one and would require a volume to do 
justice to it. I have in this short article endeavoured to merely 
break ground. We have much to do. It is high time the activities 
of the allied depart?WDts of revenue, irrigation and agriculture 
were correlated to th? great improvement of agriculture, amelio- 
ration of the condition of the ryot, and general increase in the wealth 
of the country. 



FREQUENT FAILURE OF A LARGE PROPORTION 
OF THE RICE CROP IN CHOTA NAGPUR.* 


By 

A. C. DOBBS. 

Depulij Director of Agriculture, Chota Nagpur Division. 

This paper refers primarily to the Ranchi District, but is 
applicable to other large areas of Chota Nagpur where the physical 
conditions are similar. 

The Ranchi District consists, in the main, of plateaus at three 
elevations, 1,000, 21,000 and 2,500 feet, respectively, above sea-level. 
The area of the distri(it is over 7,000 square miles, and the average 
rainfall about 53 inches, of which some 45 inches fall within four 
months. 

The soil of the uplands appears to be derived in situ from 
the weathering of the gneiss which forms the great mass of the rock 
of the plateaus, and consists for the most part of clay in which 
particles of coarse sand are embedded. When the fine particles of 
clay are washed out of the smface soil the residue is distinctly sandy, 
and acts as a superficial reservoir in which a considerable part of 
each monsoon shower is held and enabled to soak at leisure into the 
less pervious sub-soil, whence it can only escape laterally over the 
compact rock below. 

This lateral movement is very slow, and a ridge of any consider- 
able dimensions holds enough water in the sub-soil to supply springs 
in the valleys round it throughout the year, while in the monsoon 
the water frequently comes to the surface at a comparatively short 

* A t««d the Sixth Indiea Soienoe Ooii|p«M, Bombay, January, 1019. 
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distance from the crest of the ridge, on land that appears to the 
casual observer remarkably high and well drained. 

The soil conditions present a marked contrast in this respect 
to those of alluvial plains where the coarser and more pervious layers 
having been deposited first are found, generally speaking, below, 
and the finer and less pervious layers above, with the result that 
lateral drainage is more rapid in the lower strata, the sub-soil water 
rising and falling with the level of the rivers with which it is in reci- 
procal relations. 

In Chota Nagpur, wells depend on the local rainfall, though 
they are frequently sunk into the weathering gneiss until it becomes 
so compact that further sinking is obviously useless. 

The graph opposite shows the rainfall and the corresponding 
variation in the water-level in a well on high sloping ground on the 
Ranchi Farm. During September, October, and part of November, 
1917, the distance of the surface of the water from the top of the well 
was measured daily. The immediate rise of the water-level after rain 
is remarkable and n\ay amount to five times the rainfall, as for instance 
on 19th and 20th September, 1917, when the water in the well rose 
22^‘ inches as a result of 4' 28 inches of rain. On the other hand, 
the rate of fall even from a high level is comparatively slow — 
inches in 30 days without rain in November, the n\on8oou having 
continued up to the very end of October. 

As will be seen later, this slow fall of the sub-soil water-level is 
a point of some importance in connection with the protection of the 
paddy crop against drought. 

Another point of interest is the rapid rise of the water-level at 
tlie beginning of the monsoon — 6 feet from 12 inches of rain in June, 
1917, and 10 feet from 20 inches of rain in June, 1918. This may 
be partly due to the filling to overflowing of a tank within 200 yards 
diagonally across the slope. 

When the sub-soil water-level is close to the surface over large 
areas in the latter half of the monsoon, heavy showers are unable 
to soak in to any considerable extent, and the water escapes almost 
immediately over the surface to the lower levels, eroding the valleys 
and causing sudden floods such as those of the Damodar which 




Chart comparing the rise in the water — level in a well on the Ranchi Farm with the rainfall, 
November, 1916, to October, 1918, 

Scat. — Water surface from top of well r’=40'’ 

Rainfall .... 
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drains the greater part of the Hazaribagh and a comer of the Ranchi 
plateaus. 

The comparatively level winding grooves ground out of the 
general level by this great volume of water charged with quartz 
sand, open out through deep nullahs and narrow valleys into scal- 
loped basins on the smrfacc of the plateau, separated by ridges and 



bluffa none of which extend laterally for more than half a mile or so 
from the nearest distinct drainage line. The diagram. Fig. 1, 
illustrates a very ^neral arrangement of the contour lines on a bluff, 
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and Fig. 2 the position of the sub-soil water surface relative to that 
of the ground at the end of the monsoon. Vertical distances have, 



(jf course, been greatly exaggerated to enable the eye to appreciate 
differences in level, which in reality rarely exceed 1 in 10 even on 
the most steeply terraced land. 

It will be noticed that the dotted line representing the sub-soil 
water surface at the end of the monsoon in Fig. 2, comes to the 
surface of the ground at points .somewhat above the points of 
maximum inclination of the sloj)e, where the convex surface of 
the bluff merges into the concave surfacje of the basin on either 
side. The sub-soil water comes perforce to the surface in the 
neighbourhood of these points, where the disintegrating upper 
strata, through which the water must flow over the rocky core of 
the bluff, have been reduced to a minimum thickness by the rush 
of water from the relatively level surface above to the relatively 
level surface below. 

The line where the sub-soil water emerges on the surface — in fact 
the spring-level — towards the end of a normal monsoon, marks 
what may be called the natural upper limit of paddy cultivation in 
Ghota Nagpur. Starting at the head of each valley basin, the line 
runs down the sides of the bluff, on either hand cutting the contour 
lines at a considerable angle and emerging in the valley below as 
the bluff narrows to its apex. 

A short distance below this line winter paddy may be grown 
with safety, in the assurance that the water stored in the sub-soil 
of the bluff above will rarely fail to maintain a steady supply up to 
November on the surface below. 
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Cultivators have, however, terraced the surfaces of the bluffs 
above this line up to a second line cutting the contours at a smaller 
angle and frequently encircling the bluff above its apex. Hardly 
anywhere in the Ranchi District have tanks been made in which 
water might be stored for irrigating these higher terraces, and, situ- 
ated above the level of the sub-soil water in a normal season, they 
depend for flooding on the rain-water running off the upland and, at 
a lower level, on the surplus water from the higher terraces across 
the slope ; and they dry with every break in the monsoon. This area 
nornially grows a light crop of early varieties of paddy which flowei- 
at the end of September and ripen off rapidly when the land dries, 
usually in October, but which suffer severely tronr any curtailment 
of their short' gl owing season, and give practically no crop if the land 
cracks before they flower and is not quickly flooded again. 

We have then two distinct classes of terraced paddy land in 
tliota Nagpur— the sub-soil-irrigated area which can be relied on 
to give a fair crop of winter paddy on the concave surfaces of the 
valley basins, and the surface-irrigated area which grows a small 
precarious crop of early varieties on the lower portions of the convex 
surfaces of the bluffs. Between these two areas, at about the normal 
monsoon level of the sub-soil water, lies a belt which may be described 
as the. sub-.soil- water-extension area, over which the sub-soil water 
is maintained at a high level by the storage of water in the fields 
themselves and on the surface-irrigated area immediately above. 

This belt usually lies on a more or less plane surface and, where 
the slope is gentle, may be of considerable width ; it grows early 
winter paddies the yield of which is subject to considerable but rarely 
extreme fluctuations according to the character of the season, the 
land being kept moist after the close of the monsoon by the water 
percolating slowly from the sub-soil behind. 

These three classes of land are separated in Fig. 1, from one 
another and from the upland by dotted lines, and Rre marked 
1, II and III from the lowest upwards. 

In the Settlement Report of the Ranchi District, written by 
Mr. J. Reid, I.C.S., and .from which all the statistics quoted in 
this paper have been taken, the terraced or “ Don ” paddy land 
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is divided into four classes. The lowest of these, which grows 
two crops in the year, is classified as Don I and is said to cover 
an insignificant area of 760 acres in the whole district. This 
with Don II, which is said to grow the winter crop cut at the end of 
November, presumably covers the greater part of tlie area referred 
to here as sub-soil-irrigated : Don III, said to grow the crop cut early 
in November, seems to correspond with the intermediate belt which 
has been described as the sub-soil-water-extension area ; and Don IV, 
the crop on which is cut in October, must represent the surface- 
irrigated area which dries immediately after the monsoon ends. 

Neglecting Don I as insignifi(!ant, the respective cropping power 
of these classes of land is estimated at 19, 15 and 9 mds. (of 80 lb.) 
to the acre in a normal season. 

Now in a year like the present when the monsoon ends before 
the middle of September Avhile the temperature is still high, the 
whole of the surface-irrigated area (111) dries to the point of cracking 
within about a fortnight, before even the earliest paddy flowers, and 
the crop on this area is practically a complete failure. Moreover, the 
intermediate belt (II), though drying comparatively slowly, carries 
a later crop and suffers to a less degree only, and as it normally gives 
a much heavier yield than the higher terraces the absolute loss per 
acre may be as great or even greater. Again the sub-soil-irrigated 
area (I), though rarely suffering from absolute drought, carries a still 
later and heavier crop which, in extreme cases, even if the lower half 
be entirely unaffected, must give a considerably smaller absolute 
yield along its upper margin. 

The combined areas of Dons I and II (I) is, however, estimated 
at only 284,000 acres in the Ranchi District, while that of Dons III 
and IV (II and III) is 489,000 acres ; so that a partial failure of part 
of the crop on the lower land cannot do more than aggravate a 
situation that must be already serious. For, supposing that practi- 
cally the whole normal crop of 9 maunds per acre on III is lost and 
also half of the crop of 15 maunds on II, we have a reduction of over 
8 maunds per acre on 489,000 acres, or about 4 million maunds out of 
a total normal estimated production of 12 J million maunds of paddy 
of. all kinds, of which total some J million maunds is exported. 
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Deducting a dead-weight of about a million luaunds required for 
seed purposes, we find that the amount of paddy available for food 
purposes may be reduced from 11 J million to 7j million maunds by 
the reduction of the crop on areas II and III alone, simj)ly owing 
to an abnormally early closing of the monsoon even if the season 
has been otherwise favourable. 

As the value of the paddy crop is estimated at 140 out of the 
196 lakhs of rupees which represent the total value of the crops of 
the district, and as the aboriginal <ajltivators have practically no 
reserves, it can readily be believed that scarcity amounting to famine 
must prevail in many parts (»f Chota Nagpur under these circum- 
stances. This is in fact frequently the case. To quote from the 
•Settlement Jte])ort already referred to, “ There was scarcity, if not 
famine, throughout great parts (»f the district in the years 1896, 

1897, 19(M), and again in 1908 The cause was in all cases the 

same, viz., the early cessation of the monsoon.” 

Sc'arcity must, therefore, be described as of common occurrence, 
and it is liable to be greatly aggravated by the vagaiies that arc 
common in an abnorinal monsoon. For instance, hr the season that 
has just closed, drought up to the end of May and excessive rain 
(20 inches) in the first four weeks of June prevented the nornxal 
broadcast sowing of half the paddy area, and it was sown late and 
on wet land. The same Avas the. case with the seed beds. This was 
followed by seven weeks with a total of less than 8j inches of j-ain, 
during which transplanting was only possible on an insignificant area. 
The whole paddy area therefore started about a moJith late and would 
in any (lase not have given more than two-thirds of the }iorm.al crop, 
even on the lowest land, while the crop on the intermediate area (II) 
and on the higher of the terraces below it, was only just coming into 
flower when the land began to crack, and in many places was not 
much better than the total failure on the higher terraces. 

That such common and comparatively small fluctuations 
of the monsoon should have such a serious effect on the food supply 
of the district, is due primarily to the fact that the fluctuations are 
irregular and cannot at present be foreseen. The increasing 
accuracy of the monsoon forecasts gives some hope that it may 
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ultimately be possible to adjust the sowing of early and late varieties 
of paddy, so that their flowering may in all cases precede the retire- 
ment of the monsoon. But common prudence suggests that it is 
foolish to continue to grow a very large proportion of the food supply 
under the artificial conditions inxplied by the sowing of a water- 
loving plant on land subject to sudden drought, without providing 
some means of supplying water for the comparatively short periods 
during which an artificial supply is commonly required even in a 
normal season. 

As mentioned before, there are very few tanks and there are no 
natural lakes in the Ranchi District. That this is so is probably 
due partly to the generally steep gradients, which necessitate the 
making of very high embankments tt> retain any considerable areas 
of water. 8t) far as Government action is concerned, sites where 
large tanks (euld be made with economy are not easy to find, and 
the equitable distribution of water on relatively small areas is full of 
administrative di flicu 1 tie.‘: 

But if the safety of the paddy crop depends primarily on the 
maintenance of the sub-soil water at a high level in the bluffs, as the 
considerations detailed here indicate, it is not a few large tanks at 
the heads of valleys that are required, but a gejieral distribution of 
small tanks along the slopes. And the function of these tanks 
would l)e not directly to irrigate the surface, but to hold up the 
water so that it would soak by itself into the fields below, through 
the sub-soil, without any necessity for regulation. 

This is, in fact, the normal function of tanks in Chota Nagpur, 
They do not commonly hold water for any length of time above the 
sub-soil water-level, and are rarely used for irrigation in the ordinary 
way, but there is always a stream of water running out of the paddy 
fields immediately below them. 

Beyond providing an emergency outlet at a high level it would 
therefore be unnecessary to take any steps to regulate the escape of 
the water, the distribution of the tanks thus solving most of the 
difficulties of administration. 

The effect of such a tank, filled intermittently by monsoon 
showers, and leaking continuously into the sub-soil on all sides, is to 
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raise the sub-soil water-level both above and below, it, and thus to 
provide, in the sub-soil, an additional reserve of water, which lasts 
for a much longer period than that for which the water held in the 
tank itself at any one time would suffice. This is well illustrated 
both by the rapid rise and slow fall of the water in the well already 
referred to, and, in a nmre practical and convincing way. by the case 
of atiother tank on the Ranchi Farn\, made by running a bandh 
across the lower side of a recessed paddy field surrounded by upland 
on the other three sides. Three or lour inches of rain, falling in heavy 
showers at the beginning of the monsoon, fill this tank to a depth 
of about three feet. 'I’his disappears con\pletely in about a fortnight 
if there be no further rain ; at the same time the water comes to the 
surface in the paddy fields below the tank which arc completely dry 
in the hot weather. At the en<l of the recent monsoon the water 
fell to a depth of 3 ft. 8 in. below the outlet during 36 days of 
drought with a west wind, the level being maintained by visible 
percolation from the sub-soil above the tank. The rate of fall was 
thus almost exactly the .«ame as that of the water in the well after the 
close of the previous monsoon. 

Given a sufficient total rainfall, the maintenance of the sub-soil 
water-level for three or four weeks of dry weather, at a height 
sufficient to flood all the paddy fields, is therefore merely a question of 
holding up a sufficient quantity of the water of every monsoon shower, 
at a high level, immediately above the area to be protected. 
Experience on the Ranchi Farm seems to shoAv that to fill up the 
sub-soil in the course of two months with a combined rainfall of about 
20 inches, it is only necessary to hold up about 4 inches at any one 
time of the rainfall from over the collecting area. Assuming a radius 
of 500 yards of upland on the bluff, tanks 100 feet wide round the 
perimeter would be required to hold less than 5 feet depth of water 
for this purpose, and a 7-foot bandh would be sufficient — to be 
raised later if experience showed that it would be economical to 
do so. If a row of narrow tanks were made aloiig the edge of the 
upland above the highest series of paddy fields, by excavating part, 
of the slope ' to make a series of bandhs within 100 feet of the 
excavation, and in echelon along the slope, these tanks would go a 
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long way towards tiding the paddy over the short periods of drought 
that are now so disastrous. Earth can he excavated and carried 
within a distance of 100 feet at a cost of 4^ annas per 100 cub. ft. 
in the Raiuihi District, and a hmidh 7 feet high and 21 feet wide at 
the base, with the necessary cross handJis between the successive 
levels, could probably be in.ade at a cost of annas 5 per running 
foot of tank. 

The benefit woidd not be confined to the saving of the crop on 
the higher terraces in case of an early cessation of the rains, but by 
supplying w’ater throughout any probable break in the monsoon 
and by enabling later and heavier yielding paddies to be growii with 
safety on the intermediate terraces, such a series of tanks would 
increase the crop over the whole commanded area by an amount 
that can hardly be put at less tlian 4 maunds an acre on an avei'age 
of years. 'I’aking t he value of paddy at Rs. 2 a. ii'.aund a simple 
calculation shows that an expenditure of Rs. 100 on 320 feet length 
of tank, involving an annual charge of, say, Rs. 20 for interest and 
repairs, would l>e justified by an average breadth of 350 feet of the 
area commanded. • 

The actual breadth of the paddy belt round the sides of a bluff 
is commonly very much greater than this, while there are wide 
expanses which though they could not be thoroughly protected 
without much greater expenditure, would give a greater proportional 
return for such partial protection. 

(Such protection being therefore well within the bounds of 
economic possibility it may be worth adding a few suggestions as 
to details and incidental possibilities. 

A series of these narrow tanks would extend from the valley 
head on each side of a bluff, and would meet at some point above 
the apex of the bluff. If each tank were provided with a wide 
emergency outlet into the paddy field above and behind it and below 
the previous tank in the series, and were connected with the next 
lower tank by a narrow deeper cut for lesser showers, the run off 
from the collecting area could be effectively controlled by ensuring 
that a sufficient proportion drained into the higher tanka of the 
series. The proportion of water escaping through the several 
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emergency outlets would be relatively unimportant, as they would 
only run when the rainfall was sufficient to flood the whole area to 
excess. There should be no difficulty in controlling on a wide convex 
surface the surplus water that at present does no very serious dain.age 
though concentrated in a narrow concave valley. 

Roads provided with emergency outlets at any convenient 
intervals could eventually be run along the lower faces of tlie series 
of bandhs. 

When it was desired to increase the capacity of the tanks, the 
earth excavated, if not required for raising the bandh, could be 
distributed over a strip of tlie upland above the tank so as to level 
it and raise it to a higher level alxjve the watei’. I’liese strips with 
water at a high level in the sub- .soil at the end of the m.onsoon, and 
well drained, would be valuable for cold weather crops. 

The general control of the rainfall of C'hota Nagpur, in detail, 
in this way, would bring within rea(di the possibility of utilizing som.e 
of the power that is now wasted in the uncontrolled rush of water 
from an average height of 2,000 feet on the plateaus to sToa-level. 
Supposing that half of the 45 inches of monsoon rainfall evaporates 
or is transpired by vegetation, and remembering that the whole of 
what soaks into the surface re-appears on the surface a few feet lower 
down, and supposing that only 500 feet of the total fall could be 
used effectively, the power retrievable frop\ the Ranchi District 
alone would average over 1 1 million horse-power for sLx ii'.onths of 
the year. 



THE IMPORTANCE OF THE DEVELOPMENT OF 
THE DAIRY INDUSTRY IN INDIA.* 


BY 

W. SMITH. 

AtiitixIaM Director, M ilitnry Dairy Farms, Southern Circle, 

The broad problem lying at the root of progress in India may 
be said to be the increase of tlie wealth-earning power of the masses 
and the ensuring of the benefits of this increased wealth to those who 
earn it, or, in other words, the increase in the wealth-producing 
capacity of the man in the field, and the prevention of the grabbing 
of this Jncrease by parasitical classes who do not -help to earn it. 
India is mainly an agricultural country, and to advance its real 
prosperity not only must the wealth-earning capacity of the culti- 
vator be increased, but the productive capacity of the soil must be 
enlarged and the agricultural resources of the country developed. 
I know of no sphere of agricultural development which offers such 
a promising field in this direction as the development of the great 
dairying industry, because, as I hope to show later, the progress or 
otherwise of this industry very seriously affects the greatest of all 
agricultural problems in this country — the cattle-breeding problem. 
The wisest of Eastern monarchs has left it on record that “ much 
increase is due to the strength of the ox ”, and this three-thousand- 
year-old maxim may be takeix as doubly applicable to India to-day. 
Every agricultural operation in this country, right up to and including 
the transport of produce to the rail, is dependant on the strength of 
the ox, and it follows that every addition we can make to the 
strength and efficiency of this animal is a direct increase to the 
wealth of the country, and, if we can eliminate the money-lender, a 

* A paper read at tlie Sixth Indian Science Congreee, Bombay, January, IftlO, 
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corresponding advance in the standard of living of the man who owns 
and works the ox. 

Jt is my opinion, based on thirteen years’ close crmtact Avith 
cattle-breeding in all parts of this country; that the strength of the 
ox is decreasing in India, and that the country to-day does not breed 
the same quality of milk and draught stock it produced twelve to 
fourteen years ago. This is due to a variety of causes, but principally, 
I believe, to the conserving of many of the old cattle-breeding jungles 
as forest reseives, and the spread of the canal irrigation system, 
thereby (converting what were formerly cattle-breeding jungles into 
grain-producing areas. If this be so, and I think the fact is generally 
admitted by those who have studied the subject, then there is only 
one remedy, which every other country has had to adopt when it 
met A like problem, M2:., the cattle must be bred on the cultivated 
lands. This can only be done and will only be done when it is 
economically sound for the cultivator to breed and rear cattle, and 
it is in order to n\ake the breeding of cattle a payable proposition 
that the dairy industry must be developed. 

T have heard it stated by those in authority in India that you 
cannot produce a good ('lass of draught bullock out of a first class 
milch cow. My experience does not confirm this ; rather I maintain 
that you cannot possibly produce the very best class of draught 
bullock out of anything Init a really good milking cow. The 
ability to pr(Kluce milk. Nature’s all suitable food for the young, is 
the strongest and best proof of niateinity, and the more efficient and 
perfect the dam, the more vigorous and healthy the offspring. The 
quality of yielding milk in no way clashes with draught points, and it 
can be proved that not only is there no antagonism between first 
class draught qualities and the giving of milk, but they are identical, 
and I quote the following well known instances where the very best 
class of milch cows and draught bullocks are produced from the 
same .stock. In Northern and Central Sweden where most of the 
agricultural work is done by oxen, the favourite breed is the Ayrshire, 
and in Southern Sweden where the same procedure is followed, the 
Holstein is the most popular. These two breeds are probably the 
finest milk producers in the world to-day and their male stock make 

i 
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most excellent field bullocks. Again the light yellowish brown 
Swiss cattle of the Jura district are famous as milkere, and their male 
calves bring very high prices and are specially reared and exported 
for agricultural work in the vineyards of the Rhone valley. If 
therefore from the same dam we can produce the best draught 
cattle of any type required, from the heavy milkers of that particular 
type, it follows that the primary essential for successful cattle- 
breeding in India is the development of the dairying industry. To 
make it economically advantageous for the cultivator or the grazier 
to breed and rear cattle, they must firet obtain and breed from the 
profitable milch cow. Not only so but given the good milker, the 
income of the breeder must be assured from both sides, i.e., the 
technical business part of the dairying industry must be developed 
so that the cow owner may manufacture and sell to advantage the 
milk or milk products from his cow, as well as the male progeny 
which will become the draught animal of the future. It is in 
connection with the development of the technical and business side 
of dairying that the most su(H-essful results have been obtained in 
the application of co-operative methods to productive agriculture. 
In most countries of the world which have a peasantry who cultivate 
their own lands, the manufacturing and distributing side of the 
dairy industry is done on co-operative lines, and the result has 
been that not only do the small cow owners reap the whole of the 
benefits of their industry, but the educative and moral effect of 
co-operative association in this class of business has been of great 
value in teaching the small farmers business methods, the value of 
combination, and in time elim.inating the usurer. 1 know of no 
reason why the same results should not follow the development of 
co-operative dairying in India, and if by means of co-operative 
dairying the Sowcar or Gomlieen man of the East can be 
eliminated and the actual producer get the great part of the fruits 
of his labour, this is in itself a strong reason for the necessity of 
the advancement of the industry in India. 

As things are now in many cases, the cow is useless for anything 
but dropping a male calf, and as it may be assumed that half of the 
animals born yearly will be males and half females, the greater part 
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of the female stock bom are an incubus on the land and in breed- 
ing parlance “ eat their heads off.” In short, as cattle-breeding in 
India must in the future be done by the cultivator it cannot be made 
really profitable outside of the dual purpose cow, producing milk in 
the case of the female and efficient draught qualities in the case of 
the male. No other system is practicable, as heifers not required 
for breeding cannot be sold for beef in India, nor can they in many 
cases be killed off as useless. In districts where male buffaloes are 
suitable for draught the same argument applies. 

Every agruailtural operation in India depends to some extent 
on the efficiency of the draught ox. This effitdency can onl\’^ be 
increased and secured by the development and the fostering of 
breeding on dual purpose lines, i.e., dairying and draught. From 
this point of view the development of dairying in India is of 
paramount importance, but there are other important reasons why 
the dairy industry in this country must be fostered, and of these I 
purpose to touch on two only, viz., (1) the necessity for cheap and 
plentiful supply of dairy produce as a food of the people and (2) the 
value of dairying as a means of maintaining the fertility of the soil 
where general farming is practised. 

As regards (1), India is a vegetarian country, the people generally 
do not eat meat, and I do not think there is anything which can take 
the place of gliee and tlie various products made from milk, either 
evaporated or curdled, as wholesome, strengthening and easily assi- 
milated foo<ls for the people, to say nothing of the absolute necessity 
for fresh milk for children and aged and infirm persons. The children 
of the nation are the hope of the future, and in these modern days, 
when the mother is so often unable to suckle her offspring, a cheap, 
pure and plentiful milk supply will go a long way to reduce the heavy 
infant mortality in cities and large villages. At the present time 
in most large cities and many Indian villages, pure milk is a luxury 
of the rich whereas it ought to be the common food of the poor, 
and from the point of view of the health of the people at large 
and their food supply generally, the importance of the develop- 
ment of the dairying industry in India cannot be overstated. 
There is no nation in the world whose people appreciate the product 
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of tile cow so much as the people of India and yet to-day Indian 
cows generally are 100 per cent, less efficient as milk producers than 
those of most civilized countries. That they can in time be made 
more eflS.cient is a certainty, and it is a truism that the efficiency of 
the dairy cows of any country is a true indication of the general 
agricultural advancement of that country. 

As regards (2), the problem in front of the agriculturist in India, 
especially in the irrigated areas where failure of rainfall does not 
enforce frequent fallow years, is how to best restore the nitrogen, 
potash, and phosphates to the soil whicdi the crops have removed, 
and there is no doubt that the development of dairying amongst 
the cultivators would, to a large extent, solve this problem. I’he 
land suffers in India from the want of what may be classed as mixed 
farming, and until the man who tills the soil gets into the habit of 
rearing and keeping cattle on his land, which can only be profitably 
done on dairying lines, there is no hope of his adequately manuring 
the land. If every cultivator fed a large part of the fodder grown 
on his land and a small part of ihe grain he produced, to cattle housed 
on the land, the manure from the cattle, if carefully husbanded and 
scientifically applied, would greatly enhance the general richness 
of the soil and increase its productive capacity. It may be said here 
that the practice of burning manure so common in India would 
prevent this, but this factor also can only be altered on economic 
lines, and I believe that the introduction of general dairying would 
go a long way to prove to the cultivator that the value of cowdung 
as a manure was in many cases greater than its fuel value, and in 
any case it would increase the quantity available so that an appre- 
ciable quantity would be left for manure after meeting fuel require- 
ments. 

To sum up, from an agricultural point of view the development 
of the dairy industry in India is of the greatest importance because — 

(1) only by this means can the greatest of all agricultural 

problems in India, the cattle-breeding problem, lie 
placed on a sound economic basis ; 

(2) it particularly tends itself to development on co-operative 

lines ; agricultural co-operation has been the business 
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salvation of the small holder in many countries and 
it should be so in India ; 

(3) tlie solving of the cattle-breeding problem on dairying 
lines must at the same time enormously increase the 
productivity of the land as the farmer will breed, 
rear and feed his own animal on his own land, and 
their manure will be available to renew the fertility 
of the soil year by year. 

From a general point of view, as apart from the purely agri- 
cultural aspect of the question, there remains the great and far- 
reaching effect of the development of this industry on the health 
of the common people. Cheap and pure dairy produce is essential 
to the health of the community, they cannot get it now, and nothing 
but the development of dairying as a national industry will give 
it to them. 



A DISEASE OF THE PARA RUBBER TREE, CAUSED 
BY PHYTOPHrnORA MEADll, McR. 


BY 

W. McRAE, M.A., B.Sc., F.L.S., 

Gooi’rnmvM Mycdoghi, Madras. 

In India the Para mbber tree, Hevea hrasiliemis, is grown 
chiefly in the south-western region of the peninsula along the outer 
fringe of the Western Ghats from the southern part of Travancore 
through Cochin State to the northern part of the district of Malabar, 
as well as in a few more inland localities in the Anamalai, Nilgiri, 
and Shevaroy Hills, in Coorg and in North Mysore where it is growui 
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at higher elevation in a climate not usually considered particularly 
favourable. The estates occupy the flat land in the u])per parts of 
the valleys and the lower slopes of the foot-hills, and individual 
estates or groups of estates are separated from one another by vast 
stretches of forest and jungle. The area of these blocks oi Hevea 
grown as a pure crop varies from 100 acres or so up to 10,000 acres. 
Leaving out two small groups of trees planted experimentally by the 
Forest Department about 1879 and 188(5 and single trees and groups 
of half a dozen in compounds and gardens, the first Hevea was planted 
under estate conditions in 1903, and during recent years it has 
been planted rapidly and now there are about 60,000 acres of which 
over half is in full bearing. 

Kainfall. 

The annual rainfall in this area is always high, being about 
120 to 140 inches on most e.states while reaching as much as 240 inches 
on some, and about two-thirds of this comes during the months 
from June to September. The south-west monsoon usually bursts 
early in June, after which it rains more or less continuously for the 
next three months. During (October and November a fair amount 
of rain falls under the influence of the returning north-east monsoon, 
the precipitation occurring as heavy showers. From, Decen\ber 
to March there is little rain and the weather is comparatively dry 
and hot, whilst during April and May there are occasional showers 
which are connected with cyclonic disturbances. On the whole, 
then, the climate is warm and moist with the exception of a spell of 
hot weather when the humidity is conxparatively low. Thus the 
conditions are eminently suitable for the growth of the fungus that 
causes the disease which is the subject of this note. 

Eakly notice op the disease. 

During the increased activity of planting in 1909-1910, w'hile 
the planters were trying to meet the large demand partly from 
the older estates, their attention was directed to the fact that 
considerable numbers of fniits were rotten on the trees. Then too 
it was noted that there was some shedding of leaves during the 
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monsoon in addition to the normal leaf-fall that took place in the 
dry weather. When the demand for seed subsided, however, less 
attention was paid to these two phenomena. Again about 1913, 
when efforts were being made to utilize rubber seeds for the extrac- 
tion of oil, attention was directed to the fruit-rot. Still as the 
demand for seed for planting had become small compared to the 
available supply and the utilization of the seed for other purposes 
was a minor matter, the disease was not thought of much conse- 
quence. The falling of leaves during the monsoon was by most 
people thought to be a natural phenomenon correlated with the wet 
conditions of a heavy monsoon. As, however, rubber yields did 
not go up so rapidly as was expected, this abnormal shedding of the 
leaves in the monsoon was investigated as a possible cause. 

Periodic LEAF-rA].L. 

W^hen young, Uevea does not shed its leaves periodically, so 
that up to the fourth or fifth year the trees are ever-greeix. Subse- 
quently the noimal season of leaf-fall on the West Coast is December 
to January’. At some period during that time most of the trees 
are bare, but some retain a considerable proportion of the old leaves 
till the new flush is well expanded, and some trees are flushing while 
others are still shedding leaves. The leaves assume various tints 
of yellow, brown and red before they fall. 

Abnormal leaf-fall. 

A second and abnormal leaf-fall occurs on infected estates 
during the monsoon. Towards the end of June when the monsoon 
has set in steadily, trees begin to shed their leaves and continue to do 
so in ever-increasing numbers till about the- middle of August or 
even later if the nronsoon is late, after which leaf-shedding becomes 
inappreciable. Some trees lose all their leaves and stand quite.bare 
but some lose only a portion. (Plate XVII, fig. 4.) Many, however, 
do not shed them to any appreciable extent, and these are invariably 
trees that have few or no fruits. By August the foliage looks de- 
cidedly thin and the ground is covered with a thick coating of 
leaves. On the green leaf-surface there may be dell grey of 
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round or somewhat irregular outline with minute drops of coagu- 
lated latex towards the interior. (Plate XVII, tig. 2.) The stalk of 
the leaf or of a leaflet may have a dark brown spot which in well 
marked cases is slightly sunk below the general level of the surface 
and has drops of coagulated latex. (Plate XVII, fig. 2.) Leaves 
sometimes assume shades of yellow and red before they fall as 
happens during the normal leaf-fall in December- January, but 
quite a considerable number come down green with no discoloration 
on the leaf-surface or on the stalk. After this second leaf-fail a 
certain amount of new flush m produced, but badly attacked trees 
stand bare till the natural periodic renewal of leaves in January. 

Some trees in the tropics shed their leaves normally several 
times during the year. Among others Schimper ^ mentions that, 
in the botanic gardens at Buitonzorg, Urostigma glabellum, a gigantic 
tree, sheds its leaves and produces new foliage about every two 
months. No records of this kind, so far as I am aware, have been 
pixblished for trees in South India. I'here is, however, an impression 
that TermirMlia mtafpa. to mention one only, sheds its leaves twice 
during the year. Mr. R. D. Anstead, to confirm this impres- 
sion, kept a record last year in Bangalore and foxmd that leaf-fail 
(Recurred in February and October and both periods of leaf-fall were 
followed immediately by the production of blossonx. Trees that 
usually have only one period of leaf -fall, sometimes in dry seasons, 
have a second more or less conxplete leaf-fall. MeUa Azadiracta 
in Coimbatore generally sheds its leaves once a year in March and 
flowers in April, but in 1918, a year of prolonged drought, it shed its 
leaves a second time in September and flowered about the end of that 
month. Though blossonv often follows leaf-fall this is not always so; 
for example, in the case mentioned above by Schunper. In the case 
of the second leaf -fall of Uevea no period of flowering follows : it is 
not a general phenomenon over all estates but is confined to parti- 
cular areas and varies in amount from year to year on .the same 
block of trees. It does not occur in Burma and the Straits, and in 
Ceylon occurs as it does in India. It seems more likely to be due 


^ SoUmpor A* W« F* Pla$U SSng* 1908, page 946. 
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to a local influence affecting individual trees, than to an outward or 
an intei-nal cause connected with perit>dicity in the leaf-fail. A 
fungus, PhytopJdhora Meadn, was found to be constantly associated 
with trees that had the second leaf-fail and was shown to be able 
to cause leaves to fall from shoots that it had invaded. 

Besides occurring on leaves and causing them to fall, this Phy- 
tophthora also causes a fruit-rot, a rotting of the bark near the tap- 
ping cut, and a partial die-back of the branches. 

Fruit-rot. 

About three weeks after the monsoon rains have set in, dull 
ashy-grey spots appear on the fruits of infected trees and gradually 
increase in size till they cover the whole fruit. The outer pulp 
becomes soft and rotten. The “ shell ” does not split and the seeds 
become discoloured and rotten. (Plate XVII, fig. 1.) The surface 
of the spots, especially during a break in the rains, becomes covered 
with a thin incrustation which is white when dry and consists of 
mycelium of Phytophthora with a most copious foimation of spor- 
angia. In badly infected areas every fruit on a tree may be rotten 
and over whole blocks of trees it may hardly be possible to get more 
than a few sound fruits. 

Die-rack. 

After the leaves have fallen from infected branches, the latter 
die-back from the tip to a greater or less extent, and at the junction 
of dead and living tissues the mycelium remains alive during the hot 
dry season from December to March when the fungus is not active 
on any part of the tree. When the early rains come, the fungus 
in this position invades new shoots that arise from the branch imme- 
diately behind and causes them to wilt. It gets on to the leaves 
and causes them to shrivel (Plate XVII, fig. 3), and forms on their 
surface many sporangia, the zoospores of which get to other shoots 
and leaves. 

Bark-rot. 

During the heaviest part of the monsoon when the trees are 
continuously wet, a rot appears in the vicinity of the tapping cut. 
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Dark spots appear and extend upwards on the recently tapped bark 
for an inch or two in dark streaks, the underlying tissue beconuug 
soft and sodden, and exudations of latex appear on the surface as 
well as in cracks in the tissue, forming sometimes large pads between 
the bark and the wood. If no break of-curs in the rains and if 
tapping is not stopped, the bark splits vertically along the lines 
down to the wood, then laterally, exposing the wood sometimes 
throughout the length of the tapping cut. The bark gradually rots 
away leaving an exposed area of wood sometimes 17 inches long by 
1 to 4 in(;hes broad. In some years when the rains are not so contin- 
uous and when tapping is stopped at once, bark-rot though present 
does not penetrate so far and the wounds heal over fairly quickly 
after the rains have stopped. 

iHecond leaf-fall usually occurs first on Hevexi when the trees 
come into the fruiting stage which in South India is usually about 
the fifth year. Then, however, it is the fruit-rot that is most in 
evidence, while in succeeding years the second leaf-fall becomes 
more noticeable. Younger Hevea does not have such a leaf-fall in 
the monsoon though it has been seen on individual trees or groups 
of trees where such have been planted among older trees or occur as 
supplies. Bark-rot may occur in the first season in which the fruit-rot 
appears or in a subsequent season, but it has not been seen on blocks 
that have not had fruit-rot. The disease began in the southern 
part of the //eueo-growing area and gradually extended till now 
few estates have escaped loss to some extent. 

The fungus. 

Phyto'pMkom Meadii is found in all the tissues of the parts 
already mentioned. The hyphse ramify chiefly between the cells 
and either come to the surface to produce their sporangia or produce 
sexual cells inside the tissue of the fruits. 

The sporangia are minute pear-shaped sacks containing usually 
from 14 to 22 spores. When one is ripe, the apex dissolves in the 
presence of water leaving a hole through which the spores escape. 
Each has two cilia which lash to and fro and cause the spore to move 
in the drops of water. They are produced in enormous munbers, 
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especially on leaves and fniits. The sexual spores arc particularly 
interesting for the fact that the oogonium (female element) grows 
through the antheridium (male element). They have thus the 
same relative positions as Pethybridge found in Phytophthora 




1. Ripe 8poraii[;ium. 2. Motile sporeti escaping. Young antheridium and 

oogonium. 1. Mature antheridium, oogonium, and oospore. 

erythroseptica on Sdanum tuberosum (potato) and Dastur in 
Phytopbfhora jHirasitica (»ii Riciuus communis (castor). The oospore 
is thick-walled and the protoplasmic contents are dense, and it has 
probably the role of a resting spore. 

The fungus has becji brought into culture on various media, 
c.ff., French -bean-agar and Quaker-oats-agar, and these cultures 
have been used with success to cause the various j)henomena on leaves, 
branches, fruit and bark. Put on Ricinus. communis (castor) 
and on Manihot ylaziovii (Ceara nibber) the fungus attacks the leaves 
and stems though it has not been foiuid on these two plants in 
Nature. Put oti fruits of Theobroma Cacao (cocoa plant) it causes a 
fruit-rot somewhat like the fruit-rot caused by Phytophthora Faberi 
in countries where cacao is grown as an economic crop. Careful 
comparative tests were made with these two fungi on cacao and 
Hevea fruits, and it was found that P. Faberi and P. Meadii readily 
ijifected Hevea fruits wliile cacao fruits were readily infected by the 
former but with difficulty by the latter. 

Dissemination. 

The fmigus appears to start its activity after the dry season at 
comparatively few points, but when the monsoon has once burst it 
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spreads rapidly. Sporangia are produced on the surface of the 
fruits in very large numbers indeed, and the zoospores in correspond- 
ingly greater numbers. The rapid dissemination from the first few 
infected fruits can be explained by rain-drops that fall on these 
infected fruits splashing the spores considerable distances to other 
fruits. Faulwetter^ showed by experiment that watei- is splashed by 
a falling drop only when it falls upon a film of water, and it is the 
water of the film which composes the splash drops. A drop 0*2 
millimetre falling 1 6 feet on to a horizontal glass slide covered with a 
film of water splashed drops to 24 inches. In wind driven by an electric 
fan and travelling at ten miles an hour at the point of splash whicli 
was three feet above the floor, a drop falling 1 G feet splashed drops to 
extreme tlistance of 18 feet. The size of the di'ops is comparable 
to that of rain-drops and winds of ten miles an hour, and much more 
during the early part of the monsoon are often experienced on rubber 
estates. With the almost continuous rain the opportunity of con- 
tinuous distributioji by splashing is given, and even though frequent 
collisions between spla.sh-drops and rain-drops will occur, thus pre- 
venting many of the former from reaching their extreme distance, 
still some of them will be carried off and be again splashed farther 
distances. This explanation would seen\ to be sufficient to account 
for the rapid spread of the fungus from fruit to fruit and to leaves 
<m an estate, and the great nunffier of nmtile spores produced on 
infected fruits provides many opportunities of their being washed 
down on the tapping surface. 


liOSS. 

Hevea has been attacked by this fungus in South India before 
planting has been well established, so that there is no very extensive 
series of figures showing the yield of latex for any length of time on 
the estates of healthy trees. Estates have been in bearing for only 
a few years, 8 or 10 at the most, and that on a comparatively small 
acreage which has gradually become affected by abnormal leaf-fall. 
It is thus difficult to estimate the latex yields that might normally 

* Faulwetter, B. 0. '* Wind-blown Bain, a factor in Disease DiMcmination.” Journ, 
Afrio. X, pp. 639-448, 1917. 
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be expected. That so far they have not come up to the expectation 
(uirrent at the time of planting is fairly generally conceded, and part 
of the shortage is undoubtedly due to the effects on the trees of 
Phytophthora. The loss due to the rotting of fruits is a minor 
factor, as the utilization of fruits for purposes other than planting, 
for the present at any rate, hardly comes into the estimate. From 
discussions with most of the planters who have had much to do with 
the disease, I have come to the conclusion that 30 to 40 lb. of made 
rubber per acre per annum is about the average loss and it may be 
as high as 70 or 80 on badly infected blocks of trees. This transposed 
into money value, with the rubber, say, at 2s. 9d. per pound and the 
cost of production, say, at 9 pence a pound, gives a loss of from £3 to 
£4 per acre per annunv, which multiplied by the yielding infected area 
of about 30,000 acres represents a total loss to the industry of about 
£100,000 sterling and a possible future loss over the area of 60,000 
acres of a very large sum of money indeed. The loss involved is so large 
that it is practicable to spend a large sum of money on preventive 
measures on every estate. 

Preventive measures. 

In considering preventive measures the main facts to be borne- 
in mind are (1) that the mycelium passes the dry weather inside 
branches that have partially died back, (2) that oospores, which are 
resting spores, are found in the fruit, and (3) that the fruits are the 
main propagating centres for multiplying the fimgus. This suggests 
that the branches that have died back and the fruits should be dealt 
with. In the one case the aim is to stop the fungus from beginning 
its activity in the new season, and in the other to stop its rapid 
propagation after it has once begun. If all branches that this fungus 
has caused to die back were removed, say, a foot beyond the junction 
of living and dead tissues, many of the centres of infection that begin 
the new attack of the fungus each year would be destroyed. Now all 
branches that die back on. Hevea do not do so because of this fungus. 
There are other factors that produce die-back, e.g., shade causes 
the lower branches to die and other fungi also do so. There is no 
simple field method of distinguishing between these various causes, 
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SO that, if die-hat-k branches are to be renioved, then all will have 
to be ren\oved irrespective of the causative agent. Many of the 
branches that have died back are mere twigs while others are larger. 
I'here are many such on each tree- far more than is realized till the 
necessity comes to remove them — and they are scattered over the 
tree indiscriminately ; however it is quite possible to reinovc them 
to a very large extent. 

It has been shown that the fungus n\ay invade a branch along 
the fruit-stalk, and that the fruit-stalks of rotted fruits may remain 
on tlie tree through the dry weather till the beginning of the monsoon. 
This is a real difficulty in the way of preventive measures, for it is 
impossible to remove every possible centre of infection of this kind. 
If all these old fruit-stalks w^ere removed when the trees are bare in 
December-January. there is the fact that the mycelium of the fungus 
invades the branch from which the fruit-stalks spring at their point 
of insertion. Removing die-back branches w'ould not destroy this 
source of re-infection entirely. 

Removal of the fruits before the break of the monsoon would 
stop the rapid propagation of the fungus that begins about 1 5 days 
after the n\onsoon has set in. This would also for future infection 
get over the difficulty mentioned in last paragraph with regard to 
infection Ity fniit-stalks. If the fruits are not there to become 
infected the fniit-stalk would not carry the mycelium of the fungus 
into the branches. 

There is another possibility, i.e., the destruction of the flowers 
in order to prevent the foni\ation of fruit. This could be done by 
cutting off the flowers or by spraying them with a chemical that would 
kill them. It has been found that only about 35 per cent, of the 
inflorescences bear m.ature fruit, that the stalk of the inflorescence 
is so pliable that it bends before the knife unless it has almost a 
razor edge, and that many leaves are removed with the inflorescences. 
These three drawbacks render this method impracticable. A solu- 
tion of copper sulphate does kill the flowers, but spraying is imprac- 
ticable because of the lack of water in the flowering season and, 
since the inflorescences are scattered over the whole tree, so much 
of the solution has to be used in order to get at each flower that it 
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practically means spraying the whole tree. The sjime applies in an 
increased degjee to spraying the fruits in order to prevent the fungus 
developing on them as the stand of foliage is greater during the 
fruiting season. 

'J’he question whethei' it is not possible to prevent trees from 
flowering or to reduce the amount of flowering by some cultural 
means has also been considered, but it docs not seem feasible, 
Horth-ultural endeavour has been rather in the direction of increasijig 
the flowering capacity of plants, and so far as we know there are ilo 
cultural metluals of preventing a tree from flowering or reducing 
the iiumbei- of flowers it produces that are applicable in estate 
conditions. 

In a block of 100 acres dead branches and fruits were removed 
during two successive seasons. An adjacent block of abotit the 
same size was takoi as a check. In 1917 the contrast between the 
amoTuit of second leaf-fall was very marked. While the check 
blocks had a heavy fall of leaves, the treated block had hardly 
any. One tree in the treated block, inadvertently omitted during 
the operations, shed nearly all its leaves and had fniit-rot, and an 
adjacent tree shed the leaves on the side next it. Bark -rot though 
present was very much less on the treated block. The operations 
were very carefully carried out and the total cost was lis. 19-10 
per acre. In 1918 the monsoon was scanty and the disease was not 
so severe as usual. Still the contrast was distinct and in favour of 
the treated block. In 1918, from another block of 70 acres the 
dead branches only were removed and the result was satisfactory. 
It requires a more normal monsoon, however, to decide whether 
this treatment alone is enough. If it is, it will be more economical 
as the removal of the branches costs about one-third of the total 
cost. The drawback of this method is that a large labour force is 
required at the time when the coolies usually go to their homes in 
the low country. If the method stands the test of further seasons, 
then its application becomes a matter of business organization. 

Meantime efforts are being concentrated on the prevention of 
bark-rot. The method that has become most general is to paint 
with a chemical, usually one of the products of coal-tar distillation, 
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the tapped surface of the bark that is to renew. Izal and a mixture 
of tar and tallow are the two most employed though others are used 
according to availability. Greater attention is also being paid to 
getting a clearer air space around the trunks and to keeping the 
estate in a clean condition. 
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THE COFFEE FLAUNTING INDUSTRY IN 
SOUTHERN INDIA. 

BY 

RUDOLPH D. ANSTEAD, M.A., 

Deputy Director of Agriculture, Planting Districts, Madras. 


The history of the introduction of the coffee plant into India 
has been given in an article already published in this Journal.* 

Tradition lyis it that this crop was first introduced about two 
centuries ago by a Mahomedan pilgrim named Baba Budan, who 
planted it on the hills which bear his name in the Mysore State. 
The first systematic plantation in Mysore appears to have been 
established in 1830 near Chickmaglur, and about this time planta- 
tions were also established in the Wynaad and on the Shevaroy 
Hills. By 1846 it had spread to the Nilgiris. In Mysore the oldest 
existing coffee was planted between 1830 and 1841, while a number 
of estates were opened from 1870 to 1880. 

For the following account of the early history of coffee in 
Coorg I am indebted to the kindness of the late Commissioner, 
Mr. F. Hannyngton. 

" The suitability of the soil for coffee cultivation appears to 
have attracted the attention of the European planter about the 
year 1882. The capabilities of the province as a coffee-growing 
country had long before been known to the natives, and it is a matter 
of surprise that European enterprise did not enter on the field till 
a much later date. It is conjectured that, during the time of the 
Coorg Rajas, some Moplas, who had obtained grants of land near 
Nalknad. introduced the shnrb from seed which was brought from 


* The Agrie. Joum. of India, toI. XIL pt. III, p. 418. 
( 678 ) 
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‘ Mocha ’ or perhaps second-hand from Manjarabad. Its successful 
and profitable cultivation was at first concealed from the Coorgs, 
but these were shrewd enough to find out for themselves that, whilst 
none of the fabled fatal consequences followed the cultivation of 
the shrub, there was a ready and lucrative sale for the produce. 
Through the exertions of the first Superintendent, Ca])tain Le 
Hardy (18.34-1843), who took a deep interest in the material pros- 
perity of the country, the coffee plant became alm.ost universal. 

“ When coffee cultivation was taken in hand by European 
skill and energy the industry soon assumed greater importance. 
Mr. Fowler, the first European planter, opened up the Mercara 
estate in 1 854, Mr. Mann became the pioneer on the Sampaji Ghat 
in 1855, Dr. Maxwell opened up the Periam.badi Ghat estates in 1856, 
and in 1857 Mr. Kaundinya founded Anandapur village with a most 
promising plantation in the bam.boo district. Hound these first 
centres of cultivation, dozens of extensive estates gradually sprang up. 

“ The year 1883 marks tlie ccn.m.enccment of the decline of 
I'offce, when the price fell by forty per cent., a result due chiefly to 
an over-stocked m.arket and the competition of Brazil. The low 
prices fetched during the following few years dealt the death-blow 
to many Indian estates, the owners of which were dependent on 
loans from smears whose high rates of interest they were no longer 
able to pay ; they were therefore unable to raise the funds to m^eet 
their working expenses and the estates rapidly deteriorated. A 
few years’ neglect in a coffee estate is sufficient to ruin it, and the 
fall in prices therefore resulted in the disappearance of many once 
flourishing estates, nor could the exceptionally high prices sub- 
sequently obtained aval? to redeem, the misfortunes of the past, 
ihe estates on the Ghats which were opened without shade were 
now beginning to show signs of irretrievable decline ; in 1889 several 
large European estates on the Sam.paji Ghat were relinquished wholly 
or partially, and a few years afterwards the estates on the Periambadi 
Ghat were resigned to Government. By 1898 ail coffee on the 
Ghats had practically disappeared.” 

Another factor which played a part in the reduction of the 
acreage under coffee was disease', e^ecially leaf disease, caused by the 



580 


AGRICULTURAL JOURNAL OF INDIA 


[XIV, IV. 


fungus Hemileia vastatrix, and root diseases. The latter are asso- 
ciated with the decaying stumps of jungle and other trees. As the 
coffee began to decline and leaf disease to appear, many planters 
thought that they were growing the wrong kiiid of shade and proceeded 
to change it by cutting out large numbers of certain kinds of trees, 
especially Acrocarpus fraxinifolim, without taking any precautions 
whatever about the stumps, which, as they rotted, afforded a suitable 
habitat to root-disease-producing fungi. These rapidly spread to the 
coffee and killed large areas of it, and in some parts of Mysore one 
now sees tracts of land returned to grass and scrub which were once 
flourishing coffee estates. 

There is. however, a more cheerful side to the picture ; many of 
the. best estates weathered the storm and with the improving situ- 
ation the area of these was increased. The total distribution of the 
coffee acreage in South India at the present time is as follows : - 


MadraH Presidenov ... ... ... 48 441 

Coorp ... ‘ . . , ... 42;e54 

Mysore btate • ... ... l»>2 *00 

Travancore State ... ... 7,*(iOO 

(’’ochin State ... ... ... 2*500 

Total .. 223,095 


As will be seen, the chief coffee-growing areas are Mysore and 
Coorg which contain 74 per cent, of the total. In these districts the 
acreage is approximately divided as follows: 

COORG. 

Area under cultivation by ludiaiis onKuropean lines 

Area under cultivation by Indians on native lines ... 

Area under cultivation by Europeans 

MYSORE. 

Area under cultivation by Indians 

Area under cultivation by Europeaiis 

During the last 15—20 years much more attention has been 
paid to the scientific cultivation of coffee under the guidance of 
Dr. Lehmann and others, and with the establishment of the Scientific 
Department of the United Planters’ Association of Southern India 
in 1909, the control of diseases and systematic manurial schemes 
have been widely adopted. Much remains still to be done and 
learned, but some of the more marked advances may be ihenfaoned. 


Acres 

17,809 

.3.625 

21,220 


101,265 

21,246 
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The study of the mechanical and chemical cumposition of the 
coffee soils in relation to the manures required has received attention. 
South Indian coffee soils are markedly deficient in calcium oxide 
and available phosphoric acid. The shade, under which the coffee 
must be grown to protect it from the sun and drying winds in the 
hot weather, produc.es conditions rapidly leading to acidity of the 
soil. The falling leaves make a valuable mulch covering the ground 
several inches deep, and as this rots down aci.lit/ miy be set up. 
Consequently frequent applications of lime are found to be beneficial, 
the c.ontrolling factor being the cost of tliis tieitment. Unfortun- 
ately. there tiiv. few coffee e.states situated ueai' good deposits of 
limestone and most of this material has to be transported from the 
coast in the form of burnt shells, and this is expensive. In Coorg. 
trials arc now being made ..f finely crushed limestone obtained in 
Huiisur some thirty miles away. Applications of soluble and basic 
phosphatic manures like basic superphosphate aiul basic slag have also 
proved beneficial. For many years it was the custom t(» apply to the 
coffee nothing but a mixture of roughly crushed bones and poonac 
locally obtained with an ow^asional dressing of fish manure, 
but now the benefit of \'arying the manures applied and supple- 
menting them with occasi(»nal applications of potash has been 
realized. growing number of estates take scientific advice as to 
manurial prograip.mes based on soil analyses aiul use a variety of 
fertilizers, and such systems have proved their value over and over 
again in increased crop. 

Diseases can also be controlled. Hoot di.sea8es which have 
done so nuu^h damage in the past, are now recognized by planters 
as due to the attacks of specific fungi, and precautions are taken 
to deal with them as soon as they occur. The general sanitation 
of the estates has been improved and stumps of jungle and felled 
shade trees are removed or isolated. The lines of advance lie in 
the direction of a careful study of the life-history of the fungi causing 
these diseases and their exact relation to the decaAmg stumps of 
certain trees. Were all the latter known, steps might be taken to 
mark down their occurrence in new clearings and remove them. In 
the Nilgiris, for instance, new land is nearly always occupied by 
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secondary jungle and a very common constituent of this is a small 
tree, Symplocos spicata, the decaying roots of which always induco 
root disease of both tea and coffee, and it h^s been found profitable 
to clear the laud of the roots and stumps of this tree before planting. 

Two important fungi attack the leaves of the coffee, Hemileia, 
vastatrix and Corticiam Kolsrorja, popularly known as leaf disease 
and black rot, respectively. The former is wide-spread and found 
on coffee all over the world, and it is credited with having killed the 
coffee industry in Ceylon. These diseases can be c4:)ntrolled by 
spraying the coffee at the right time with Bordeaux mixture or 
Bordorite, and a good deal of work has been done of late years in 
this direction. Tiie limiting factors are water and labour. Black 
rot only occurs on limited areas and thus is comparatively easy to 
control by spraying, but to control leaf disease successfully very 
large areas have to be sprayed at one time, and this is a difficult 
problem. In Nairobi, however, the coffee estates are sprayed 
throughout two or three times a year, and there is little doubt that 
the time will come when the South Indian planter will wake up to 
the fact that spraying is a practical and paying proposition, and 
power spriiyers will be introduced. 

Of insect parts oiie of the most important and deadly is a scale 
insect. Cocoas viriiis, and a variety of it, Coccus colsmunl. This scale 
attacked the coffise oaths Nilgiris many years ago and nothing was 
done to check it with the result that it spread to the shade trees, 
weeds, and general vegetation, and in some districts has killed out 
the coffee and rendered its cultivation unprofitable. Luckily iia 
this part of India coffee could be replaced by tea. In Mysore and 
Coorg, however, coffee is diffieult to replace by any other crop, and 
when the scale appeared in these districts in 1913 something like 
a panic occurred. It was found, however, that the scale could be 
controlled by prompt spraying with an insecticide, like fish oil resin 
soap, while in the monsoon it was attacked and naturally controlled 
by two fungi, Cephalosporium lecanii and Empma lecanii which also 
worlcs in the cold weather. Steps were taken to teach the planter 
the best methods of control, spraying in the dry weather, and 
spreading the fungus by contact, that is, by introducing branches 
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containing fungus-attacked scales and tying tliem into tlie trees 
where the fungus did not occur naturally, in the wet weather, and 
the pest has been successfully kept in bounds, and it now does only 
local damage in years which particularly favour it. It \va 3 also 
found that certain species of ants common on coffee estates, more 
especially Cmmstogaster, play a large part in the distribution of the 
scale, and if their nests arc energetically destroyed the attack can 
be largely controlled. 

In Coorg, another insect pest which docs a considerable amount 
of damage is a scale insc -t, D ioUjlapias cUri, which attacks the roots 
of the coffee, especially young plants. 80 bad is this pest in places 
that it was found impossible to raise young clearings. Lefroy first 
studied this j)est and rcs'ommmded cert lin measures for its control. 
Recently a cure has been found in apterite, a soil-disinfectaiat used 
in England, consisting of uaplitli dene and crude carbolic acid. This 
has been used with groat success to protect the young plants till 
they get big enougli to resist t’le attack of the scale. Since the 
war it has been impossible to import this mitcrial and stocks were 
soon exhausted. It i^ now being minufactured in the Madras Presi- 
dency, and after the war it is possible that it will be found cheaper 
to make it than import it. 

Other pests and diseases have been controlled, and at the present 
time the coff.^e planters are fully alive to their importance and 
mideirtand their causes. Much remxins still to be done, however, 
in the study of the life-history of diseases, especially those caused 
by fungi, but a considerable advauve has l) 3 en mvle. 

The coffee on many of the estate .s is very old, in some cases 
individual trees mud exist that are 6J-70 years old whilst on 
estates like Balmadies, in the Shevaroy Hills, some of the coffee 
is over 90 years of age. The time is coming when this old coffee 
will have to bo replaced. During the history of the coffee industry 
one big change has already taken place, when the old “ Chick ” 
coffee was replaced wholesale with the more vigorous and robust 
Coorg strain. There seems to have been little difficulty in making 
this change but on the old estates now it is not easy to raise young 
plants or to grow supplies, and old coffee land is notoriously difficult 
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to replant. This ia due to a number of causes which need not be 
gone into here. One of the reasons for failure, however, is that the 
strain of (joffee now grown has been allowed to deteriorate. No 
care has been taken in selecting seed from which to raise nurseries. 
One of the most important advances in recent years has been the 
realization of the necessity for better seed selection, and the possi- 
bility of raising a new, vigorous strain of coffee by means of hybridi- 
zation along Mendelian lines. This subject has been dealt with in an 
article reproduced in another part of this .Journal. The matter has 
been taken up by a few of tlie more farseeing planters, and a hybrid 
exists which has all the vigour of the t)ld Coorg, is highly disease- 
resistant, and which bears very heavily, much more heavily than 
the ordinary arabica type now cultivated on the estates in general. 
This is now being growiv on an estate scale and a great future lies 
before it. In fact the future of coffee in South India undoubtedly 
lies in two main directions, first the raising of good hybrid strains 
which will bear more heavily tlian the present cofiee and the replace- 
ment of the old worn-out estates with these and, secondly, in a 
combination or co-operative society of coffee planters to control 
the local coffee markets and prices and to develop and organize the 
local sales of Indian-grown coffee, as well as to do their own curing. 
Progress is slow and it is difficult to overcome deep-rooted customs 
and prejudices, but there are ample signs of a jiew era in this 
direc-tion. 

By far the majority of the coffee grown in Bouth India is of 
the arabica variety. Of recent years a certain amount of robusta 
coffee has been planted ; and this variety is in growing favour on 
poor soils and as a catch-crop among Hevea rubber. It bears heavily 
but produces an inferior grade of bean, but it will no doubt find a 
place as a subsidiary crop in many places. 

Recent advances have also been made in the machinerv 
employed on the estajies to prepare the coffee for market. In old 
days bullock power was used for driving the pulper, now the majority 
of estates are equipped with oil engines and modem pulpers and 
well-laid-out arrangements for washing the coffee. On one estate 
a further advance has been made in the instalment of a dryer in 
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which the washed parchment coffee is dried by means of hot air in a 
revolving drum. This hastens the process as compared with the 
usual sun-drying and renders the process independent of weather. 
Moreover, it impfoves the colour of the coffee and results in a great 
saving of labour. The final curing of the coflee is done by curing 
firms at the coast where a hot sun is available. Piere again there 
is room for improvemsnt, and development lies along the line of 
co-operative bodies of coflee planters owning their own curing works 
to which the coflee will be sent from the estates comparatively dry 
from artificial dryers. In this way the curing of the crop will be 
hastened and shipment take phu-e well ahead of the monsoon. 

With regard to the future development of th;: coffee industry, 
several lines have already been indicated. It remains to say that 
the S(dentific Department of the United Planters’ Association ox 
Southern India is about to be reorganized and enlarged. It will 
be controlled' by the Madras Agricultural Department under the 
Director of Agriculture. A coffee experiment station is being 
established in Coorg on the lines of a Government farm, where a 
whole series of experiments will be undertaken to study manuring 
problems, cultivation methods and disease control, and possibly in 
the future plant-breeding problems. It is also proposed to add to 
the staff a Planting Mycologist lecruited from Europe who will 
take up among other things the study of the many fungi which 
attack coflee. 

There are a certain number of people who have never happened 
to visit a good coflec-growing district, who are apt to think that 
coflee planting is a decadent industrj^ but this is by no means the 
case. It is a very flourishing concern and its outlook on the future 
is a bright one. The demand for high grade coffee in the European 
market is always likely to exist, and it is just these high grade marks 
which South India is able to produce and has always produced. 



THE » KA JAH " PLOUGH. 


ny 

W. ROBERTSON BROWN, 

Agricultural Officer, North-West Frontier Province. 

On a l)right inoDiirig, nearly eight years ago, the dry coarse 
grass on land that now foni\s part of the Peshawar Agricultural 
Station was set alight, and before nightfall, with a following breeze, 
a large part of a block of fifty acres was black in ashes. The jungle 
consisted chiefly of “ diib ” {Eragrostis cymsuroides) with some 
“ kahai ” {Sacchamm spontaneum). After irrigation the “ Rajah ” 
ploughs were set to work, a plough following in the furrow of each 
land-plough to ensure tillage to a depth of nine inches. In the 
following kharif, hardly a blade of the grasses appeared ; in one 
brief cold season the “ Rajah ” completely extirpated the coarsest 
of root grasses from red loanv The oxen were ordiiuvry animals, 
the average price of then\ being Rs. 92-8. And now, after eight 
years’ constant toil with western ploughs, harrows, rollers, cane- 
mills, etc., n\ost of these good oxen are still in regular work and 
" going strong, ” and the “ Rajah ” ploughs that first turned over 
the area of 200 acres are still in daily use and sound as when the)’’ 
were purchased in 1910. Without the assistance of the inverting 
plough the Agricirltural Station might still be striving to get rid of 
tough root grasses. Men and bullocks alike adopted the “ Rajah ” 
easily. Almost from the outset they ploughed lands 220 yards 
long in a manner that would be no discredit to English craftsmen. 
Hardly ever has the writer seen a Tamab ploughman leave the stilts 
to goad his oxen. Plate XVIII, fig. 1 shows that this is unnecessary 
if the ploughman is provided with a very lightj thin, solid bamboo 
goad, which may rest on the hake of the plough or remain lightly 
balanced in the hands of the man. Should a ploughman be observed 
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following on the land without some special reason for doing so, 
he IS liable to be fined at Taruab, but it has not been necessary to 
impose a penalty during the past four years. His acre done, the 
man may unyoke and go home. In many operations besides plough- 
ing, the “ Bajah ” has proved nmst useful on the farm. It sets up 
“ bunds ” on irrigated land ; it is employed to make roads atvd to 
ensure camber on these ; it is sometimes used in earthing up crops, 
it does most of the work in cutting out watercourses. This all 
appears satisfactory. The plough, the oxen, the man combine to 
turn out real good work on the farm. It might tlierefore be expected 
that the “ Tlajah ” would be api)rcciated and in daily nsc by many 
cultivators, at least in the Peshawar District. But this is not the 
case. There is not a “ llajah ” or other mould-board plough regu- 
larly and profitably employed on any cultivator’s land in the North- 
West Frontier Province. And at once it may be stated that it is 
not the cost of the implement that stands in the way of its adoption 
by the cultivators. A small unsymu\etrical irrigated field can 
rarely be economically treated by a mould-board plough. With this 
implenrent it would not be altogether easy for an English ploirghman 
to leave the land in a level state fit for irrigation. And chiefly for 
this reason it is feared that for marry years to coiire there is little 
hope of the cultivators using inverting ploughs on irrigated land in 
the North-West Frontier Province. After long years of careful 
dressing, the cultirutors’ fields are level as level can be. The country 
plough does not upset the land level ; a mould-board plough always 
does so nroi’c or less, and irrigated crops are invariably poor where 
the land is not level. On iinirrigated areas the mould-board plough 
may sometin>.es be profitably employed, yet on these lands deep 
ploughing is usually less necessary than on irrigated fields where 
rajdf weeds and grasses are so liable , to spring up, and perfect soil- 
aeration must be assured. 

It. is on foul, neglected land that the “ Rajah ” best demon- 
strates its value to the cultivators, and when an implement is pur- 
chased it is usually intended to clean old or to break new land. 
Those few keen Pathan farmers who have tried the “ Rajah ’’ and 
have sent their ploughmen to Tarnab to be trained in using it, have 
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soon set the steel implement aside and returned to the plough of 
their fathers. Knowing this to be the case no improved western 
implement is sent out from the station until the intending purchaser 
has demonstrated his ability to use it in a workman-like manner. 

There is of course )io doubt whatever that the inverting plough 
tills the land far better than, and perhaps just as cheaply as, the 
country implement. But in the North-West Frontier Province the 
time has not yet come when even the “ Rajah,” which has been 
found so useful at the Agricultural Station, may be generally recom- 
mended to the cultivators of small areas. On clean land that has 
been regularly tilled tJie ct)untry plough is fairly efficient ; it does 
much more than “ scratch the soil.” Skilfully used, it produces an 
excellent tilth of moderate depth. 

ft is sometin\es difficult to find, and it is always troublesome and 
expensive to maintain, numerous yokes of good oxen, and it is just 
possible that the owners of broad acres may favour light motor- 
tractor cultivators rather than small mould-board ploughs drawn by 
bullocks, when they decide to farm part of their land, instead of 
parcelling it all out to cultivators who have very little capital. 

Plate XV 111 , fig. 2 shows a good pair of Awankari bullocks taking 
the ” Rajah ” to the field in a convenient manner which does not 
appear to be commonly employed where mould-board ploughs are used. 

After this article was written, the writer invited an Indian who 
has had much experience in using the “ Rajah ” to say what he 
thought of the plough’s work. “ Excuse me, sir, but 1 hate it, ” 
was his reply. Then he explained how the implement kept him in a 
state of constant anxiety about the land levels. How, in order to 
make quite sure that the soil could be reduced to mellow tilth when 
he desired that, it was imperative to roll and le vel land ploughed 
by the “ Rajah ” positively on the day after the furrows were 
turned. He mentioned how this was frequently impossible and very 
often difficult and even undesirable, and that in these circumstances 
the furrowed land could not be levelled until it received rainfall. 
On the other hand, he held, even when the country plough leaves 
the land very very “ cloddy,” the level is not upset, and irrigation 
and tillage can be done at will. 



IRRIGATION TANK8 IN THK DISTRIOT OF 
BURDWAN. 


«Y 

BHUTNATH SARKAR, L. An., 

Sv pcriiiteml’enl, Raitclii Farm., Choln Nappur. 

If file number of irrigation tanks in a tract is any guide to its 
agricultural prosperity, then the district of Rurdwan. especially the 
central part of it, may he considered to have been, at one time, one 
of the richest portions of the province of Bengal. Nowhere else caii 
so many tanks be fVaind, scattered here arid there all over the fields, 
throughout the length and breadth of the province. 'J’hat this 
district used to be called the granary of West Bengal was due to the 
fact that the ryots were then fa'irly independent of t he vagaries of 
the monsoon owing to the use of tanks. 1'hese tanks seem to have 
been dug long ago. and each of them was meant to command an area 
in proportion to its holding caj»a.city generally of about ten to 
twenty acies each -but unfortunately they ha ve been long neglected 
and allowed to go into disrepair. Many f)f them have silted up to 
such an extent as to have been turned ijito actual paddy-fields, 
while others do not hold water enough for two or three acres in times 
of need. Mr. A. C. Sen in his report, on the agriculture in the district 
of Burdwan says : “ The great want of the Burdwan District, 
especially of its western and central parts, is a proper supply of water 
for irrigation purposes. The rainfall being often deficient in 
total amount, or irregular in distribution, artificial irrigation is neces- 
sary for almost all important crops except pulses and barle}^ In 
fact, the cultivation of surgarcane, potato, and other important 
crops can only be undertaken in places where water is available. * * 
♦ • * * ♦ ♦ ♦ * ♦. Inno 
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other part of Bengal are so many tanks to be found, but almost 
witliout exception they have been long neglected and are now over- 
grown with weeds and filled up with silt.” 

In consequence, the present economic condition of the ryots 
of the district - at least the central ])art of it which is mainly agri- 
cultural with no other industry to spealc of — is far from being 
satisfactory. They arc now quite dependent on tlic distribution of 
rainfall for their paddy, which is by far the most important harvest 
of the year in the locality. I’he cultivation of potato, sugarcane 
and other profitable cold weather and hot weather crops is now limited 
to very small areas for want of water-supply. Hugarcaue was an 
important crop in this tract, but now the area under it is going doum 
year by year in spite of the introduction of the superior iron mill 
and of the rise in the price of gur. The cultivation of sugarcane 
entails much care and labour, and if it fails, or a satisfactoiy crop 
is not obtained simply for want of water, the ryots can hardly be 
blamed for giving it up. Ijcaving the more pr ofitable crops alone, 
even wherr one comes to consider the cultivation of paddy — the 
mainstay of the cultivator — he sees that the result is largely a 
matter of chance. Being dependent on rainfall, the ryots try to 
transplant as large an area as they can within as short a time as 
possible on the first decided break of the m^onsoon without having 
any regard to good tillage ; and they leave the rest to the mercy of 
the season. If the season is good, they reap a fair harvest and thank 
their stars. But if the rainfall is scanty, every ryot tries to procure 
the very' little water that can accumulate in these tanks for his own 
crop, and this leads to bitter quarrels and riots ending in criminal 
cases in the courts, loss of money and sometimes even imprisonment. 

Moreover, this m.ethod of cultivation, apart from bringing in its 
train the effects of bad tillage — and it is well kno^vn how serious 
these effects are— gives rise to another economic evil, namely, 
breaking up of pasture lands. Under the present state of things, 
intensive methods of cultivation are out of the question, and extensive 
cultivation, requiring more land with the increase in population, 
naturally tempts the ryots to encroach upon pasture lands. 
So this, among other factors, is largely responsible for the serious 
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shortage of pastaire lands and consequent deterioration of cattle 
in the district. The writer has heard people lamenting that cows 
do not now give half as much milk as they used to thirty years 
ago. The reason is not far to seek. Indeed, every distress and 
difficulty of the ryots can be traced back to general poverty, 
and the writer believes, along with many old ryots of his village, 
that their poverty can be traced to the long neglected and deplorable 
condition of the irrigation tanks. 

Agriculture cannot prosper in a tract where there is no source 
of artificial irrigation, as it is absolutely necessary to supplement 
the rainfall, which is often irregular in distribution, in order to raise 
a satisfactory crop. The Governm.ent of India in their resolution 
on Land Revenue Policy in the year 1902 remarked — “When the 
produce of the land is lialile to great and frequent fluctuations, owing 
to failure of irrigation or vici.ssitudes of season, there is reason to 
apprehend that a fi.xed assessment may ruin people before it 
teaches them.” But here is a tract where the ryots have become 
entirely dependent on the vagaries of the season, where they are 
being reduced, day by day, to the verge of utter destitution ; yet 
they have to pay a fixed rent. The Government are unwilling 
to interfere because of the Permaivent Settlement of Bengal, which 
has transferred the absolute right in the lands from the State to 
the hands of the zenrindars of Bengal. 

^I’hese tanks were excavated by zemindars long before the 
Permanent Settlement, when they had an interest in the lands, as 
the rent was then a certain portion of the produce^ — usually payable 
in kind — and it was an economic loss to them if the cultivators failed 
to get a full crop out of their lands. Besides, laiid was then more 
than sufficient for the population, and the zemindars had some 
difficulty in disposing of their lands, and as nobody would willingly 
cultivate lands which had no facility for artificial irrigation, they 
excavated and used to maintain these tanks. But under the Per- 
nranent Settlement the zem.indars have practically no concern with 
their lands ; whether the cultivator gets a full crop or not the 
zeminder gets his rent. So the zem.indar takes no interest in the 
improvement of his lands or in the amelioration of the condition of 
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the ryots. Moreover the real zemindar i.s now out of touch with the 
ryots owing to the presence of a series of middlemen — ^Pattanidars, 
Dar-pattanidars, Se-pattanidars, etc. — who have very little sympathy 
for the occupiers. A quotation from the Gazetteer of the district 
will show how clearly the state of affairs was understood by a high 
Government official : “ The landlords and intermediate tenure- 
holders have become mere annuitants upon the land, taking but little 
interest in their nominal estates beyond ensuring the payment of their 
rent, and practically indifferent to their improvement, or to the condi- 
tion of the cultivators from whom their income is drawn. Embank- 
ments, drainage channels, tanks for irrigation or water-supply, and 
other works of public utility constructed by the generosity of former 
landlords, are allowed to fall into disrepair ; it is no one’s business 
to repair them : and the landlords have no incitement to undertake 
any fresh work of improvement, as they can hope for no pecuniary 
betiefit from it.” But the zemindars seem to forget that the same 
Permanent Hcttlement that bestow'ed on them an absolute right in 
their property expected that the proprietors of land, sensible 
of the benefits conferred upon them by the public a88e88met\t 
being fixed for ever, Avould exert themselves in the cultivation of 
their lands, under the certainty that they will enjoy the fruits of 
their own good management and industry, and that no demand 
will cA'er be made upon them, or their heirs or successors, by the 
present oi- any future Government for an augmentation of the 
public assessment, in consequence of the improvement of their 
respective estates” (Ai-t. VI, Beg< 1 of 1793). It is needless to 
say that, as a rule, these hopes have been falsified. 

Now the question may naturally arise why the cultivators do not 
look after the tanks wherein their vital interest lies ? But the fact is 
that, whereas each tank was meant to command a certain area which 
was originally leased out to one or two persons, the tank forming 
a part of the holding (jama) or holdings, portions of holdings are 
always being transferred front hand t() hand without reference to 
the rights in the tanks. At present it is not unusual to find that a 
tank may belong to a person who may have very little land within 
its influence ; and holdings have been so much divided tmd 
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subdivided that it is not at all impossible to find fifteen or twenty 
or more persons having land within the area commanded by a single 
tank. Now under the present state of things the members of a 
village community are so poor and so divided into factions that it 
is extremely hard to get anything done by them. The owners of 
the lands say why should they go to renovate a tank which belongs 
to others. And the owners of the tanks say why should they go to 
renovate a tank the benefit of which would be enjoyed by others. 
These persons can hardly be expected to co-operate, and even if 
they were to agree, they cannot do anything for want of capital. 
A person who is in debt cannot possibly invest money on such works. 
kSo there is very little chance of the tanks being renovated by the 
cultivators unless some system can be devised. But if things are 
allowed to go on as they are, the tanks will be beyond renovation iii 
the near future, and the agriculture of the locality will suffer an 
irrevocable loss in consequence. 

The writer has been anxiously thinking over the matter for some 
time, and he has come to the conclusion, after discussing the matter 
with some of his fellow villagers, that the tanks can be renovated 
l)y the cultivators themselves if a scheme, the barest oiitlines of 
which are given below, can be framed and worked : 

(o) Arrangements should be made so that each tank may 
belong to the different ryots in proportion to the am.ount of land 
they hold within the jurisdiction of the tank ; that is, the different 
ryots should have an interest in the tanks proportionate with 
their holdings. To achieve this, compulsion may be necessary on 
both the parties — sellers as well as purchasers. 

(h) The right in the tanks should be automatically transferred 
with the transfer of land. 

(c) The owners of the lands commanded by each of the tanks 
may combine to form a co-operative credit society ; so there may 
be as many societies as there are tanks. And tanks should be 
renovated from loans taken by these societies. 

(d) Loans should be given by central co-operative banks or 
the District Board on their usual terms of business. 


6 
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(e) Two or three tanks should he taken up for renovation every 
year in every village. 

(/) Some form of expert supervision should he provided hy 
Government to see thfit the work is being done properly. 



THE FIRST SECTIONAL MEETIN(J OF 
VETERINARY OFFICERS IN INDIA 

Thk First Meeting (»f Veterinjiiy Ofiicers was held in the Veteri- 
nary College at Lahore, from the 24th to 26th Mareh. 1 91 9, under the 
presidency of Mr. .1. Mackenna, (’.l.E., T.(kS.. Agricultural Adviser 
to the (Government of India. Besides representatives from the 
Veterinary Departments in the diflerent provinces, the Directors 
of Agriculture, Punjab and the (Central Provinces, the Director and 
the Second Bacteriologist, Imperial Bacteriological Laboratory, 
Miiktesar, the Imperial Pathological Entomologist, the Offg. Imperial 
Agriculturist, and a representative of the Army Veterinary Corps 
in the person of Lieut. -Col. W. B. Edwards attended the meeting. 
Mr. A. W. Shilston, Second Bacteriologist, Muktesar, acted as 
Secretary. 

The proceedings were opened by Mr. Mackenua in a short 
speech in which he referred to the excellent work done by the Veteri- 
narj’ Service in the great European war, dwelt tui the necessity of a 
large and an early expansion of the Civil Veterinary Department, 
and etilogized the services of Col. H. T. Pease, Principal, Veterinary 
College, Punjab, who was on the eve of retirement from sendee. 
In order to ensure a regular progress, especially in research, he 
thought that it would probably be found desirable to have in India a 
strong Central Board of Agriculture, organized somewhat on the basis 
of the Board of Agriculture and Fisheries in England, or of the Boards 
of Agriculture in Scotland and Ireland, and that, if such a policy 
was accepted, veterinary science would no doubt be represented. 

The agenda of the meeting comprised 12 subjects. An inter- 
esting discussion followed the introduction of the subject of veteri- 
nary education by Col. G. K. Walker, and a sub-committee under 
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the chainnanship of Lieut.-Col. A. Smith, Principal, Bengal Veteri- 
nary College, was appointed to deal with the question. The 
sub-committee considered that the small number of recruits annually 
required for the imperial branch of the department would not justify 
the very large outlay necessary to establish an efficiently equipped 
college for the provision of higher veterinary education in India 
as recommended by the Public Services Commission, and they, 
therefore, suggested that in order to assist Indians to qualify for the 
imperial branch of the service, selected youths should be sent to 
Europe by the aid of State scholarships. As regards the education 
required for the different grades in the provincial services, they 
recommended that this should be provided at the existing veterinarj’^ 
colleges, all candidates going through the same curricula with post- 
graduate courses for the higher grades : that the educational quali- 
fications for entrance to the colleges should be raised : that the pros- 
pects of veterinary graduates should be improved : that the course 
of instruction should be extended over four years instead of three 
as at present : that the curriculum should be on the lines prescribed 
for the Royal College of Veterinary Surgeons and that a detailed 
syllabus should be prepared by the principals of the Indian colleges 
for final consideration at the next veterinary conference. The 
report of the sub-committee was adopted, and it was resolved that 
the meeting of the principals of the colleges to revise the curricula 
should be held in Calcutta. 

The advantages and disadvantages of stationary and itinerating 
veterinary dispensaries, and the possibility of combining the two 
systems advantageously, were then considered. A discussion on 
the subject disclosed the fact that the conditions in the various 
provinces required different methods, and that it was necessary to 
adopt those found most suitable in each case. However, the 
conference was of opinion that the importance of establishing 
veterinary dispensaries with a staff adequate to deal with outbreaks 
away from headquarters should be impressed on Local Governments 
and on District Boards. 

As regards the revival of the “ Journal of Tropical Veterinary 
Science,” which was abolished in 1912, it was, in view of the depleted 
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stafE of the department, not considered expedient or feasible to 
raise the question at present. 

In opening the discussion on the necessity for reorganization 
of the Indian Civil Veterinary Department, Col. Gr. K. Walker first 
gave a brief history of the department, in which he showed how 
its development was marked by vicissitudes, what its legitimate 
duties were, and how handicapped it was in performing those duties. 
He then advanced arguments to show that, if the department was 
to continue to do good work and to progress, a thorough reorgani- 
zation was necessary. The conference passed the following reso- 
lutions on the subject : — 

(tt) “ That this conference is of the opinion that the present 
constitution and organization of the Civil Veterinary Department 
is utterly inadequate to cope with the work demanded of it, and they, 
therefore, respectfully represent to the Government of India the 
absolute necessity of filling up all existing vacancies in the Indian 
Civil Veterinary Department without delay, and would emphasize 
the importance of a large expansion of all provincial departments 
to deal with the ordinary veterinary work of the country. ” 

(6) “ That the department should be placed in a position to 
(leal with the diseases of animals, veterinary instruction, and all 
operations for improving the breeds of horses and agricultural stock 
in India.” 

(c) “ That the Government of India should be asked to include 
in the List of Officers of the Civil Veterinary Department, the names 
of all officers of provincial cadre, classified under separate provinces.” 

(d) “ That a central authority in the person of a Director-General 
is required to initiate and co-ordinate the work. He should be a 
specially selected officer with experience in each branch, if possible, 
and he should be given son'.e measure of authority over the officers 
of the department.” 

Sub-committees appointed to deal with a part of the question 
repoited on the strength and constitution of the imperial and 
provincial branches nece&sary to carry out the duties of the 
department, and recommended a revised nomenclature of the posts 
in it. 
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'.riie next question discussed was — what concerted action can be 
taken to deal with surta and dourine. Col. Fanner said that the 
spread of irrigation had led to an expansion of surra in areas where 
the disease had not previously occurred, and that the practice of 
keeping horses in the stable between 7 a.m. and 7 p.m. gave very 
satisfactory results. It was pointed out that there was a constant 
risk of the introduction of the disease from Indian States where the 
Glanders and Farcy Act could not be applied. Regarding the 
treatment of surra, several members referred to having obtamed 
promising results, tliongh on a limited scale, and all emphasized 
the urgent necessity for further exj)erinrental research in this direc- 
tion. As regards dourine, the diagnosis of which was frequently 
difficult, the conference was of the opinion that the provisions of 
the Dourine Act should be so modified as to nuike diagnosis on 
clinical symptoms fall within its cognizance. 

In dealing with the question of applicability of the different 
nrethods of inoculation against rinderpest to conditions in Indui, 
the conference resolved, that when an adequate and sufficiently 
trained staff was available, the question of adopting the simulta- 
neous method of inoculation more generally might be taken up as 
being more economical and more effective. 

Several officers expressed their views as to the prevalence of 
bovine tuberculosis in the various provinces, and referred to the 
unsatisfactory results following the subcutaneous injection of 
tulrerculin in India, iipon which, Mr. Sheathcr suggested the appli- 
catit'u of the ophthabnic test. The conference emphasized the 
urgent need for investigation of the whole question of tuberculosis 
in India. 

In connection with the question of the control of rabies in 
India, the conference considered that any suitable measure that 
could be adopted for reducing and destroying the surplus population 
of dogs was desirable, but that it did not appear to be possible, 
\mder the conditions prevailing, in India, to deal more effectively 
with the disease. Power should, however, be given to veterinary 
practitioners to order the detention and destniction of dogs suffering 
from rabies. 
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The need for researcli had been strongly emphasized throughout 
the discussions of the conference, and when the question as to the 
method by which it should be brought about came up for consider- 
ation, the conference passed the following resolutions : 

(a) “ That in order to deal with the physiological problems 
of animal husbandry in India, it is necessary to have a fully equipped 
Central Research Institute with an adequate staff. The Muktesar 
and Bareilly laboratories, if the necessary staff is supplied, might 
be developed into a Central Institute of the kind proposed. In view, 
however, of climatic and other considerations, it n^ay be necessary 
to consider alternative sites. The staff should be sufficient to permit 
of the deputation of officers to work out problems in collaboration 
with provincial veterinary officers either at provincial laboratories 
or in the field.” 

(b) “ That the (a)nference is in favour of the creation of a 
separate organization for the study of the insect parasites of men 
and aninrals, the connection with the Civil Veterinary Department 
being on the lines suggested by Mr. llowlett in his note.” 

With regard to the qtiestion as to whether, in view of the 
sectional meeting of veterinary officers, it will be necessary foi' 
them to attend the full meetings of the Board of Agriculture iii India, 
the conference considered that it should be left to the Agricultural 
Adviser to determine whether veterinary officers should, in consider- 
ation of subjects coming up for discussion, be invited to the 
meetings or not. In this connection it was recommended that, for the 
present, meetings of veterinary officers should be held annually, 
and that all members of the Civil Veterinary Department should be 
invited to future meetings. 

The conference was of opinion that some form of legislation 
was necessary to deal with cattle diseases, especially as regards 
segregation and the movements of cattle, and that such legislation 
should be introduced when possible. 

In dealing with the question of the animal industry in India, 
the conference was of opinion that, except in special cases 
where rapid milk production was required, and where efficient control 
was established, the general importation of exotic breeds of cattle 
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should not be recommended at present, and that the main policy 
should be the improvement of indigenous breeds by selection. 

The conference, from the veterinary point of view, was very 
successful and valuable. A detailed report of the proceedings is 
in the press and will be issued in due course. 



A^ETEKINARY RESEARCH,: SOME RECENT 
CONTRIBUTIONS. 


Belin, M. — Thb Trkatmbnt of Equine Lymphangitis by 

Ptothkrapt. Receuil de Med. Vet, 1919, Vol. XCV, 

No. 4. 

The author describes a new technique for the preparation of 
the vaccine. 

The pus is collec;ted in a sterile flask. One part by volume 
(presumably an equal amount) of ether is added and the flask is 
shaken until the pus is broken down as much as possible. To this 
are added six “ parts ” (presmnably six times the amount) of a 
solution containing O'l per cent, iodine an.d 0-4 per cent, potassium 
iodide in distilled water. This is added in two or three parts. 

It is advisable to filter through several layers of sterile gauze. 
The vaccine can be used half an hour after preparation. (It may 
1)0 pointed out that the description of the technique in the original 
leaves much to be desired.) 

In practice the author has mixed together pus from numbers of 
(!ases of cryptococcic and bacterial lymphangitis for the preparation 
of his vaccine. 

In the case of cryptococcic lymphangitis the author is in favour 
of giving a series of injections instead of the method advocated by 
Velu of giving single injections during the negative phase of the 
disease. He finds it more practicable when large numbers of cases 
have to be treated daily. 

In the bacillary lymphangitis cases, the author has readopted 
his original method of giving an initial series of four injections 
followed by an injection every five or six days imtil recovery is 
complete. 
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The production of abscesses at the seat of inoculation is not, 
in the author’s view, due to a ferment action as suggested by Velu, 
but to a special sensibility of certain animals to dead or attenuated 
bacteria in general and to cryptococci in particular. 

It appears to be immaterial by what path the vaccine is intro- 
duced. In the case of intravenous injections there is the advantage 
that no local lesion results. In this connection it may be noted 
that the author lias had two animals die while under treatment. 
In one case death was considered to be due to ante-mortem intra- 
cardiac clotting of the blood, and in the other, to endocarditis. It 
is suggested that in both cases death was a matter of coincideni-e. 

In the author’s opinion it is advisable to give a dose of 2 c.c. 
daily for six or seven days. From twelve to fifteen days after the 
•last dose, provided the lesions fail to disappear or fresh abscesses 
are formed, a sei^ond series of injections of 2-5 c.c. of “ .sterilized 
pus ” is given. (By using the expression sterilized pus it is not 
clear whether the author means his vaccine or not, and it may be 
pointed out that in view of the dilution of the pus in making the 
vaccine this is a point of some importance.) 

The author briefly describes a number of cases in which the 
va(;cine has been used in chronic cases of the disease, and draws 
the conclusion that the vaccine is actually responsible for the cures 
in these c;ases, and that the view that recovery has been spontaneous 
is mistaken. 

Velu, H. — An Undescribed Disease of the Dog in Morocco. 

Bull. Soc. Path. Exot., 1919, Vol. XII, No. 3. 

In this paper the author describes an acute disease of the dog 
characterized by marked nervous, pulmonary and digest! vesymptoms. 

From references given, it would appear that the disease has 
been observed in other parts also. Heckenroth describes it as 
occurring in Senegal, and Labouisse in Mogador. 

The disease broke out at some distance from Casablanca in 
August, 1918, and within a couple of months, the majority of the 
dogs in neighbouring districts had died. A few isolated cases were 
observed in Casablanca itself. 
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Nervous symptoms always predominated, and presented a 
picture which suggested the possibility that the disease was in 
reality rabies. 

From the outset, the cases were marked by imo- ordination of 
movement and slight paralysis. In many cases the animals stood 
on their fore legs only, the hind legs l)eing almost, if not entirely, 
lifted from the ground. 

('horeiform contractions of various parts of the body were 
observed together with champing of the jaws ai\d retraction of the 
commissures of the lips. 

Sensation was also “ modified.’' 

'The respiratoiy symptoms were restricted to the upper air 
passages, and (consisted of rhinitis with, at first, a serious discharge 
which later became miico-purulent. There was a painful cough 
resembling that of whooping cough, and subsequently symptoms of 
suffocation. 

The appetite was normal, but affected aninuils vojuited after 
every meal, especially in the early stages of the disease. 

In the majority of cases, the affected animals died in from 8 to 
10 days. (Some survived a month, and some made a complete 
lecovery. 

Post-moitem e.xamination, l)acteriological investigations and 
inoculation experiments have yielded entirely negative results. 

PioT Bey.- -The Kecrude.scexce of Cattle Plague in Egypt. 

Ann. Inst. Past., 1911), Vol. XXXIII, No. 3. 

The good results following the introduction of the simultaneous 
method of inocmlation against cattle plague among the animals on 
the State Domains led the Government of Egypt to order the 
systematic and general application of the method with the object of 
completely eradi(;ating the disease from the country. Excellent 
results had been obtained and the work was progressing satisfactorily 
up to 1914 when events caused an interruption in the work. In 
some way or other cattle plague reappeared in the country, and 
during the following year spread through Upper Egypt and to prac* 
ticaily the whole of Lower Egypt. While there was a considerable 
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stock of serum at the Institute at Abbasieh, virus, that is to 
say virus derived from cattle imported from Cyprus, was unobtain- 
able owing to the closing of the Institute. Rather than use blood 
from indigenous animals, which are frequently infected with one or 
more kinds of piroplasms, for virus, the expedient was tried of 
rubbing the exposed mucous membranes with cotton wool saturated 
with virulent exudates from infected aiumals. 

This method however proved almost invariably ineffectual, and 
it was therefore decided to return to the original method of using 
virulent blood. 

The state of affairs in August, 1917, on the State Domains was 
as follows ; — 

(1) There were about 1,400 cattle which had been vaccinated 

in 1912, 1913 and 1914. 

(2) 281 adults and 395 calves of from two to three years of 

age, bought in 1916 and 1917, which had not been 
vaccinated. The calves were collected into herds of 
from 40 to 100 on the seven principal farms. 

On August 5th, the first suspected (!ase was reported among a 
herd of 96 animals of two years of age. The next clay but one, 
temperatures were taken and 12 animals shewing marked elevations 
were detected, and one of these was also shewing clinical syn^ptoms. 
The following day this animal received about 120 c.c. of serum as a 
curative measure. i 

On August 8th, the blood of one of the animals was used as 
virus for the simultaneous inoculation of the other 11. This blood 
was kept on ice until the following day when it was used together 
with serum, which had in the meantime arrived, for the inoculation 
of the remaining 83 animals. 

It is here noted that the blood used was found to contain 
Piroplasm bigeminum. 

During the following days the animals were under careful 
observation and their temperatures were taken twice daily. The 
animal which had been given 120 c.c. of serum died on the night of 
the 10th with very severe lesions. 
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Of the 11 calves vaccinated on the first occasion, six shewed 
lesions on the same evening or on the next day. ' The same thing 
occurred in the case of one of the animals vaccinated on the 9th. 

Of these 7 animals (this appears to be a misprint for 87) five 
died with characteristic lesions and two recovered. This is the 
usual proportion of recoveries in Egypt. 

In view of the fact that 87 of the animals gave reactions to the 
inoculations, it is evident that they were susceptible. 

In view of the result obtained, it was decided to extend the 
vaccination to all the unvaccinated animals and also to all animals 
that might be bought subsequently. 

The virus used for the inoculations was obtained from two 
(calves inoculated in series and kept in a portable ice chest for eight 
to ten days. 

Six series of calves were inoculated fortnightly and this served 
to keep the virus going until the end of November. 

From August 26th to 28th, 299 calves and 281 adult animals 
were immunized. The virus used was found to be f ree of piroplastns, 
as it was also in the five subsequent series of virus producers. 

From September 2nd up to October 24th, five lots of cattle 
numbering 178, purchased during this period, were inoculated. 

Seventeen of the animals bought during this period had been 
vaccinated during 1912 and 1913, and these were not revaccinated. 
None of them shewed infection. 

It has already been seen that 98 per cent, of the first batch 
of calves reacted to the inoculations. In the case of three other 
batches numbering from 49 bo 50 head, the percentages of reactions 
were 79, 83, and 76. 

Among three lota of animals aged about three years, the per- 
centage of reactions ranged from 68 to 77. 

These figures indicate that increasing age gives increasing 
immunity. 

This view is supported by the fact that of 459 adult animals 
vaccinated during the same period, only 229 reacted. 

The author points out that in a previous paper he expressed 
the view, basing his opinion on two experiments, that immunization 



rtOfi AORICULTITT^AL journal or INUIA fXIV, IV. 

of the mother alone is practically without result, but that immuniza- 
tion of both parents appears to (confer complete immunity. 

A fresh observation in support of this is brought forward, but 
definite opinion is reserved. 

A calf, twenty -eight days old— the progeny of aiximals vaccinated 
respectively in 1914 and 1915 — was inoculated along with its mother 
as a test on 27th August, 1917. Neither shewed any reaction to the 
double inoculation. 

While no accidents occurred among the first l)atch of animals 
inoculated, it is pointed out that a feAv occurred among the animals 
done subsequently. 

Of the two-year old calves, one died on the 13th day and one 
on the 17th day after inoculation. 

The first of these shewed embolism (vf the left veiitricle of tlie 
heart and evidence of atelectasis and embolism in the lungs. The 
animal had shewn a marked rea(4-ion to the inoculation and at the 
post-mortem the lesions of cattle plague were becoming cicatrized. 

The second animal was in poor condition at the time of inocula- 
tion. It passed through a normal reaction which was followed at 
an interval of some days by a sudden rise of temperature to 40° 
ac(;ompanied by violent bile-stained diarrhoea, and complete loss of 
appetite. The animal died on the tlxird day after the appearance of 
symptoms. At the post-mortem there was slight enteritis and 
marked congestion of the lungs : no enlargement of the liver or 
spleen and no evidence of piroplasmosis. 

Among the 459 adult animals inoculated, there were also twt» 
accidents, both of which occurred among a single batch of newly 
purchased animals. 

The first of these died on the 14th day after inoculation as the 
result of a severe attack of Texas fever complicated by 'tuberculous 
abscesses in the lungs. 

The second animal died 17 days after inoculation having shewn 
vague symptoms of “ malaria ” and spasmodic contractions of the 
masseter muscles. 

At the post-mortem examination, the spleen was found to be 
very greatly enlarged, and there was congestion of the intestines and 
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the lungs. There was no hseinaturia and no red seroAis exudate in 
the pericardium. 

Neither of these animals had reacted to tlie inoculation. 

If these deaths are considered to have been due to the vaccina- 
tion, it in no way discredits the method, because similar deaths have 
been observed in very large numbers of (uises aiW)ng newly l)ought 
animals which have not been inocidatcd. 

'Fhe facts collected during the course of the outbreaks referred 
to in this paper shew that immuixity conferred l)y the simultaneous 
inoculation method persists for periods of at least five years. None 
of the animals inoculated during 1912-13 shewed the slightest sign 
of being infected, although no special precautions were taken to 
protect them fnnn infection. 
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BY 


N. KUNJAN PlLLAr, M.A., B.Sc., Pii.D., 
Director of AfiricuUure and Fisheries, Ttnmiwore. 


Introductory. 

TRAVANCOftE, that narrow strip of territory at the south-western 
corner of India, stretching from Cape Comorin in the south to Cochin 
in the north, having a length of about 174 miles from north to south, 
a maximum breadth of about 74 miles from east to west, and a total 
area of about 7,600 square miles, and inhabited by a population of 
about 3| millions, is the largest and most prosperous Native State 
in the Madras Presidency. In point of size it is only about one- 
fourth ot the State of Mysore ; but its revenue is more than one-half 
of that of the latter. Every foreigner, who visits the country, is so 
enamoured of the richness and splondom of its natural resources 
that at the very first sight he calls it a land overflowing with milk and 
honey. Though this is an exaggeration, it is not without a small 
substratum of truth. Poverty there is in plenty in Travancore as in 
other parts of India ; but entire pauperism and absolute starvation 
are not so common as mother parts. Though occasionally crops fail 
on account of scarcity of rains, the country has never been visited 
by one of those dire famines which have at different times caused 
indescribable havoc and enormous loss of life in British India. Wh at 
is the cause of this significant difference between Travancore and 
other parts of India ? Rice, which is the food of the people, is not 
being produced in sufficient quantity to meet local requirements 


* A paper r< Ad at. the Fifth Indian Science Oongresa, Lahore, 1918. 
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though it is the chief crop of the country. Local production 
amounts to only two-thirds of the quantity required, while 
oiie-third is being imported from Burma and other countries. 
Self-sufficiency in the matter of food production is not, therefore, 
the cause of the happiness and contentment of the people of 
Travancore. What else can it be due to 1 The answer will be 
self-evident to one who takes a trip in a boat through the long 
stretches of backwaters which extend practically along the whole 
length of the country. There one will see on either side miles 
and miles ol lands covered over with thick and luxuriant groves of 
that beautiful and attractive species of the palms which botanists 
(iall Cocos nucifera and which is familiarly known to laymen as the 
coconut palm. It ft this palm which has contributed mainlv 
to the present prosperity of Tra vancore. Prom it the people derive 
their main income and from it the Government gets a large portion 
of its revenue. There is no part of it which is not useful in one way 
or another. The kernel inside the nut, which is the most valuable 
part of the coconut products, is used in India for culinary purposes 
either as such or in the form of oil which is extracted from it, and in 
Europe it is made into sweets, biscuits, and other articles. The 
coconut oil, which is the essential portion of the kernel, is being largely' 
used in the manufacture of margarine, coconut butter, soaps, and 
candles. The cake, that is left behind after the oil is extracted, 
is a valuable cattle food and a still more valuable manure. The 
milk especially of tender nuts is a delicious drink the excellence of 
which can only be appreciated by those who have had the fortune 
to quench their thirst with it after a tiresome walk or a long ride. 
The juice, which is collected from the unopened spadix, when fresh 
and unfermented, is an equally refreshing drink ordinarily kD.own as 
toddy. ; when partially fermented it becomes a slightly intoxicating 
drink ; and when fully fermented and d,istilled it yields an alcoholic 
drink caUed arrack. The shell, which covers the kernel, is excellent 
fuel, and takes the place of coal in Travancore. The husk surround- 
ing the shell, when soaked inwater for about six months, washed, and 
cleaned, becomes coir from which yarn, cables, ropes, matting, foot- 
rugs, and various other articles are made. The dried sheaths 

7 
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of flowers are used as fuel, the leaves when dried and plaited form 
excellent material for thatching houses, and the stem when fully 
mature makes fine beams and rafters for buildings. Here is a tree 
which supplies food and drink to man and gives him materials to 
oonstruct a house to live in, and well does it deserve the name 
“ DevaVriksham ” or “ Kalpavriksham ” (the tree of heaven), a 
name which has been ascribed to it in the ancient Indian literatme 
and which is still current among the people of the Malabar 
(^ast. 


Origin op coconut cultivation. 

As regards the origin of coconut cultivation in Travancore, 
different theories have been advanced. Some are entirely based 
on legends and others on linguistic and other evidences. The legend 
most widely believed by the people is that “ Kerala,” which is but 
another name for Travancore, was once under the sea and was 
reclaimed by the magic wand of Grod Parasurama, that the reclaimed 
country was parcelled out and distributed to a number of Nampudiri 
Brahmins whom Parasurama brought from the north, and that 
the “Kalpavriksham,” the coconut palm, was given to the colonists 
by him as a heavenly gift. It is difficult to sift the chaff from the 
grain in such legends and to get at the truth underlying them, if 
any. There is, I believe, geological evidence to show that Travancore 
has been formed by the rise of the sea-bed by some movement of 
the earth, and there is also linguistic evidence to support the theory 
that the coconut palm is an introduction into the country from 
outside. Out of those facts the fertile brains of the ancient TTidia n s 
must have woven the story of Parasurama, giving it a religious 
cloak, so as to appeal to the minds of the illiterate masses. This 
is all the justification that one can find for the Parasurama legend. 

Coming now to the hypotheses based on linguistic evidence, 
it must be said that there is no unanimity of opinion regarding 
them. The one that is generally accepted is that “ keram,” a con- 
tracted form of “ nalikeram ” which is the Sanskrit word for coconut, 
was brought to India from Ceylon by the Singhalese, who crossed over 
iKHnewhere about the 4th century A. D. and who now form the large 
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Jiud progressive community of “ Thiyyas ” or “ Eshavas.” 

“ Thiyyan ” is considered to be a corrupt form of “ Dwipan ” or 
islander, and “ Eshava ” a corruption of “ Simhala ” or “ Bii^halese,” 
the natives of Ceylon. The “ keram,” which the Singhalese imported, 
is also said to have given the name “ Kerala ” to the country in which 
it has thriv^ed. The Tamil and Malayalam names for coconut lend 
support to the above theory. The Tamil name “ Thenkai,” from 
which the Malayalam name “ Thenga ” has been derived, means the 
fruit from the south (“ Then ” means south and “ kai ” fruit, i.e., 
the fruit that was brought over from the south, presumably Ceylon). 
This theory appears to be plausible even on a consideration of the 
common]}’’ accepted hj’iiothesis about the original home of the 
coconut palm. Some are of opinion that it is a native of South 
Ameri(;a, while others think that it belongs to some islands in the 
Asiatic Archipelago, most probably Sumatra and Java. The latter 
appears to be more probable and is at any rate accepted by the 
majority of those who have investigated the question. From the 
evidence that has been colle<;ted it is not far wrong to infer that 
coconut was carried by oiioanic currents from the Asiatic Archipelago 
eastward to South America and westward to Ceylon, and that from 
the latter place it was imported into India. Whatever be the source 
from which the palm has been introduced, there is no doubt that it 
mu.st have established itself in the Malabar Coast from very early 
times. The ancient Sanskrit literature dealing with the Ayurvedic 
system of medicine contains many references to the medicinal pro- 
perties of the different coconut products, which is sufficient proof of 
the antiquity of coconut cultivation in India. When once it has been 
introduced and its uses have become known to the people, the 
development of its cultivation must have taken place as a natural 
sequence of events. 

Coconut industry in Travancore. 

For a very long time, however, the uses of coconut products 
were little known outside India and probably even outside the 
Malabar Coast. When Europeans first opened trade with India 
they took no notice of this palm and its produce. Pepper was tiien 
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the chief article exported from the Malabar Coast, and the territory 
which produced it in abundance was known among the Europeans 
as the land of pepper. With the advancement of sciences in the 
19th century it was discovered that various highly useful and 
valuable articles coidd be manufactured out of coconut products, 
and a demand thus arose for them in European markets. Till the 
outbreak of the present war Germany was the chief country to which 
these articles were exported, and there they were made use of in the 
manufacture of soaps, candles, margarine, etc. The magnitude of 
the export trade of TraVancore in coconut products could be realized 
from the fact that during the three years before the outbreak of the 
war die exported on an average lls. 1,82,00,000 worth of these articles 
annually, which represented nearly 60 per cent, of her export trade. 
The articles exported were chiefly raw products such as coconuts, 
copra (dried kernel), oil, coir, and fibre which together accounted 
for nearly Rs. 1,65,00,000. The position of coconut among the 
factors contributing to the prosperity of the country, to which 1 
have already referred, will be evident from the above figures. I have 
also referred to the fact that Travancore imports one-third of the rice 
she requires for local consumption, i.e., for about Rs. 1,25,00,000. 
The people grow coconut and sell its produce in foreign markets, 
and with the money thus received they buy rice from outside. 
But for the abundance of coconut produce and the large export trade 
that has become possible in consequence, the people would not have 
had sufficient money with which to buy the rice so essential to their 
living, and their lot would then have been quite different from what 
it is at present. Fortunately for them the country is so plentifully 
blessed by Nature, and the soil and climatic conditions are so 
congenial to the growth of the coconut palm, that they are able to 
get a handsome return from it without much labour or trouble. 
But, with better attention and care in the matter of cultivation and 
manuring, it is possible to increase considerably the income from 
this crop. The people, I am glad to say, have begun to realize the 
folly of not utilizing the blessings of Natme to the utmost 
advantage, and are at last bestirring themselves in the development 
of their coconut cultivation. 
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The ai'ea under coconut in Travancore is not after all much, 
and the outturn is not anything like what it is capable of yielding. 
Unfortunately there is no agency in Travancore for the collection 
of annual agricultural statistics and for the publication of periodical 
crop forecasts. It is not possible, therefore, to give accurate inform- 
ation about the acreage and yield. On a rough calculation it is 
estimated that out of the total area of the State ( 4 , 864,000 acres), 
(ioconut occupies only about 250,000 acres, and that the total output 
of nuts in a year may amomit to about 600 millions on the assumption 
of an average yield of 2,000 nuts per acre, which, if anything, is but 
a conservative estimate. The export of cop'a, oil, and nuts accounts 
for about 325 million nuts out of the total production, and the 
balaaice of 175 million nuts is being consumed in the country itself. 
The export of 325 million imts before the war brought, into the 
country a sum of Ks. 1 , 82 , 00 , 000 . If by paying better attention 
to cultivation and manuring the output of coconuts is doubled, 
which I shall show is not an impossibility, the quantity available 
for export will increase to 826 million nuts, which will raise 
the national income from coconut products to not less than 
five crores of rupees even if the export is confined to raw products 
such as copra, oil, coir, etc. These are being sent to foreign 
countries for being manufactured into different finished articles, 
and if this manufacture is undertaken in the country itself, there are 
immense possibilities of increasing its natural wealth still further. 
The very thought of this question overwhelms one with the 
vastness of the field that unfolds itself before the mind’s eye 
for the development of the natural resources of even such a small 
State as Travancore, and what can one say then of the potential- 
ities of such a vast continent as the British Empire '{ 

Cultivation of the palm. 

Before proceeding to show how the coconut industry of Travan- 
oore ought to be developed, I shall describe as briefly as possible 
how the palm is now being cultivated. It thrives best on the 
littoral area, particularly on that portion of the country which 
lies between the sandy deserts of the coast and the sub-montane 
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tract of laterite formation to the east of the backwaters. The soil 
best suited for it is a loose and friable sandy loam, which is generally 
met with in the area specified above. Looseness of soil, which will 
admit of the free passage of roots, is an essential condition to the 
successful growth of the coconut palm. Richness of plant foods 
seems to be a less important factor. If the soil is poor but loose, 
the roots will grow to a length of 20 to 25 ft. in search of food and will 
make good use of the materials available within that wide radius. 
On the other hand in a soil which is hard and impervious, however 
rich it may be, it does not show a healthy growth, unless such 
a soil is made friable by the addition of sand and lime. Abundance 
of moisture seems to l)e as essential to the growth of the (ioconut 
palm as looseness of the soil. TraVancore has a rainfall varying 
from 30 to 250 inches per annum. She gets the benefit of both the 
south-west and the north-east monsoons which together cover a 
period of about seven months in the year, from June to December, 
and the only dry weather that she experiejutes is during the months 
of January to May. In places where the heat is most severely felt, 
the (joconut palm is irrigated during these moirths, and at other 
places the soil is worked up to such a fine (;ondition just before 
the cessation of the rains as to conserve sufficient moisture to enable 
the palm to tide over the hot season without miuih injury. If 
irrigation (uin Ije resorted to in such places the yield can no doubt 
Tje increased. But irrigatioji in these places is impracticable, and 
hence cultivators have to be satisfied with the diminished yield 
they get. Thaugh a loose sandy loam is the ideal soil for the cultiva- 
tion of the coconut palm, it is by no means confined to such soils 
in Travanciore. The cultivation is being extended practically over 
all kinds of soil. Tlie sandy deserts along the coast which contain 
little or no plant food, the heavy day soils reclaimed from the 
backwaters, and the infertile lateritic soils of the hills and hill-slopes 
in the interior of the country are all being brought under this crop, 
the natural defects of the soils being rectified by artificial methods. 
The sandy deserts are enriched by the addition of rich silt from the 
backwaters, the fertile but impervious soils reclaimed from the 
backwaters are made porous by the addition of sand, and the poor 
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laterite soils of the hills are improved by the addition of sand and 
manures. By these methods almost every kind of soil met with 
in the low-lying and sub-montane parts of Travancore, where the 
climate is warm and moist and the temperature remarkably equable 
all the year round, varying only from 70° to 90“, has been made 
suitable for coconut cultivation. Hie only limiting factor is the 
presence of a hard and impervious sub-soil. Where the sub-soil 
is soft and porous to a depth of about 4 to 5 ft., there the coconut 
palm grows satisfactorily. Even steep slopes which satisfy this 
condition are being used for the purpose by forming terraces to 
prevent washing and to conserve rain water. 

Among the varieties of the coconut palm met with in Travancore 
as many as 40 have been counted. They differ from one another 
in various points, such as colour, shape, and size of the nuts, thickness 
of the outer fibrous covering, thickness of the kernel inside, the 
oil-content of the kernel, and the period of maturity of the palm. In 
colour, different shades of green, brown, and yellow are met with. 
According to the size the nuts can be classified as small, medium, 
and large. The thickness of the fibrous covering and of the kernel 
and the oil-content vary considerably in different varieties. Under 
normal conditions some varieties begin to bear in 3 to 4 years and 
others in 7 to 8 years, and on this distinction the coconuts can be 
classified as early and late varieties. The life of early varieties is 
not more than 20 to 25 years, while the late varieties may live up 
to 100 years and more. In the selection of varieties for cultivation 
all the above factors, except perhaps colour, must be taken into 
(‘.onsideration. Hie ideal vai'iety is one which has tlie longest life 
and which produces medium -sized nutshaving a thin fibrous covering, 
thick kernel, and high oil-content. Owing to the lack of sufficient 
care in the selection of seeds several undesirable varieties have been 
cultivated in Travancore, but through the advice of the Agricultural 
Department there has come about a decided improvement in this 
direction in recent years. 

The seed nuts are usually collected from middle-aged palms. 
The nuts which ripen in the dry months of April and May are con- 
sidered to be the best for seed. In harvesting the seed nuts some 
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eultivators take great care to prevent injuries to the embryo. The 
nuts that are collected are stored in buildings for a couple of months 
during which period they dry up to some extent and lose a great 
portion of the milk inside. They are then planted in specially pre- 
pared nurseries, usually in July. In a couple of months after planting 
the nuts germinate and in next June they will have thrown out 3 
or 4 leaves when the seedlings are transplanted. On low lands, 
which are subject to immdations, experience has taught the ryots 
that it is better to plant 2-year-old seedlings. On laterite soils 
also, where there is trouble from white ants, it is advisable to plant 
2-year-old seedlings only. Though the usual time of transplanta- 
tion is the commencement of the south-west monsoon in order that 
the plants may establish themselves without the help of irrigation 
before the setting in of the hot weather in the month of December, 
it has been found from practical experience that if the seedlings are 
transplanted in December and irrigated during the first hot weather 
they become hardier and are able to withstand drought in subsequent 
years better than those transplanted in June. Of course, this 
method can only be adopted in places where there is facility for 
irrigation. 

In low lauds subject to water -logging the seedlings are planted 
on ridges which are made at first 10 to 15 ft. broad and at least 2 ft. 
above the water-level. As the seedlings grow up, the trenches in 
between the bunds are filled up and the level of the whole land is 
gradually raised until it is at least 3 to 4 ft. above the water-level. 
On elevated lauds, which generally contain laterite soils, the seedlings 
are planted in pits, the size of the pit varying in proportion to the 
height of the land and the hardness of the soil. The biggest pits 
measure at least 4 ft. cube of which about 2 ft. are filled with 
surface soil and manure before the seedlings are planted, and the 
remaining 2 ft. are gradually filled up during the first 3 years 
after planting. 

Among coconut cultivators of other countries the question is 
still under discussion whether it is a‘dvisable to cultivate catch- 
crops on coconut gardens. In Travancore it is invariably the 
practice to grow such crops, especially on lands which are not poor 
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in plant foods, for the first 4 or 6 years. The crops that are usually 
cultivated are cassava, other roots, pulses, banana, and dry land 
rice. Of these, cassava seems to be the least suitable, not because 
it is more exhausting than other crops, but because it is ordinarily 
cultivated without manures, while cattle dung, ash, green leaf, and 
other manures are usually applied to other crops. It is a bad 
practice to cultivate any catch-crop on coconut gardens without 
the application of manm-es, for in that case the soil fertility will soon 
get exhausted, and the growth of the (loconut palm will to that 
extent be affected. But if catch-crops are manured properly, 
there is no danger in cultivating them for the first 3 or 4 years after 
transplanting the coconut seedlings. In the interests of the coconut 
as well as of the catch -crops it is advisable not to raise the same 
(uitch-crop every year. Different crops must be cultivated in 
rotation, prominen<;e being given to pulses, and this is what is 
being done in Travancore. 

In the matter of mamu ing there is much room for improvement 
in the methods of Travancore cultivators. They are no doubt 
aware of the fact that manuring will pay ; but owing to want 
of capital and sometimes owing to thek negligence and indifference 
they are not doing all that they ought to do m the matter. At the 
time of transplantuig they invariably apply some ash and a small 
quantity of common salt. This they do moire with a view to prevent 
the attack of white ants on the seedlings. Subsequently most of 
the cultivators apply ash regularly every year, and some also cattle 
and sheep manure, green leaf, and occasionally some common salt 
as well. It is a common practice among them to apply a mixture 
of ash and salt to the crown of the palm which has been found to 
be an effective method of keepiiig off beetles. These manures will 
naturally be washed down to the ground by the rain and will become 
available for absorption by the roots. Thus two birds are killed 
with one shot. 

We have already seen that one of the chief factors that contri- 
bute to the successful growth of the coconut pahn is moisture, and 
that, except during the hot weather period of about five months, the 
rainfall in Travancore is sufficient to ensure the supply of the required 
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moisture to the soil. - During the hot weather irrigation is not 
resorted to except in some portions of the sandy district along 
the coast ; but in other places cultivators have found out from 
practical experience an efficient method for the conservation of 
moisture in the soil. In June, at the commencement of the south- 
west monsoon, beds are taken around the palms in order to collect 
rain water and let it percolate through the soil. By this method 
surface washuig is reduced and the porous soil and sub-soil get 
thoroughly soaked. The rains continue till December, when the beds 
are filled up and the whole garden is given a thorough digging to a 
depth of a foot or so: By this digging the weeds are covered and 
the soil is reduced to a fine tilth, which helps in the conservation of 
the moisture that has been absorbed by the soil during the rainy 
season. A more efficient, but less expensive, method of utilizing 
to the best advantage the natural rainfall in the cultivation of the 
coconut palm than the one described above, it is difficult to think of. 

Pi‘om what has been said regarding the methods of cultivation 
commonly followed in Travancore, it will be seen that there are several 
excellent practices which the cultivators have learned from their 
long experience, and which can safely be recommended for adoption 
in countries where they are not known. Prominent among these are : 
(1) the addition of silt to sairdy soils and sand to clay soils to correct 
the natural defects of soils ; (2) the terra<;ing of slopes to prevent 
surface washing ; (3) the principles of the selection of seed nuts 
and the care bestowed on their collection ; (4) the application of 
ash and common salt to the soil l)efore transplanting the seedlings 
to prevent the attack of white ants ; (5) the planting of 2-year-old 
seedlings on lands subject to inundation and on hilly lands where 
there is white ant trouble ; (G) the (niltivation of catch -crops between 
coconut palms for the first 4 or 5 years ; (7) the application of asli 
and common salt to the crown of the palm as a preventive against 
the attack of beetles; (8) and last, but not least, the practice of 
making beds around the palms in June and of filling them up and 
digging the whole ground in December in order to collect and 
conserve as much as possible the rain water and utilize it to the 
maximum benefit in coconut cultivation. 
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Improvements BY Agricultural Department. 

By giving prominence to the good points in the methods of 
Travancore cultivators, I do not mean to say that their methods 
are perfect, nor that the practices referred to above are being adopted 
by all of them. There are many in Travancore who, out of ignor- 
ance or indifference, do not follow these pracitices, and one of the chief 
functions of the State Agricultural Department is to break this 
c.itadel of ignorance and indifference and to extend throughout 
the country the excellent methods that are being practised in some 
pints. Along with this work the department is also devoting its 
attention to the general question of the improvement of coconut 
cultivation in regard to certain a.spects which arc little known to 
'rraVancore cultivators, and which, though known, are neglected 
l)y the majority of them. I shall describe as briefly as possible the 
work that is lieing done by the department in this direction. 

One of the chief defects of coconut (Uiltivation in Travancore 
is overcrowding of the palms. Where there ought to be 60 to 70 
palms only, 100 to 150 are usually planted. The • evils of over- 
crowding are self-evident. In a thickly planted garden the palms 
at the periphery are found to be more productive than those in the 
interior, though there is no difference in the treatment. Those at the 
periphery get more light and air and hence are in a better condition. 
It cannot be said that Travancore cultivators are ignorant of the evils 
of overcrowding. Tliere is a proverb current among them regarding 
the distance at which the palm is to be planted, and if they had only 
followed this wise saying of their ancestors they would not have made 
mistakes. The proverb says that on low lands the distance between 
the palms should be 4 dhannus (a dhaiuiu= 10 ft.) and on high lauds 
3 dhannuN. Tile proverb, if anything, errs only on the right side. 
A distance of 30 to 40 ft. appears to be more than the actual require- 
ments. 25 to 30 ft. seems to be ample — 30 ft. on low lands and 25 
on high lands — and in that case the number of palms to the acre 
will be 50 to 70. In recent plantings, I am glad to say, thesis 
distances are being adopted. 

In regard to the selection of varieties, we have already seen 
that the methods of IVavancore cultivators, or at least of some 
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of them, are far from primitive or unscientific. The main objects 
of seed selection are to produce the maximum number of nuts and 
the maximum quantity of copra per acre (the dried kernel is what 
is called copra). Of the different varieties met with in TraVancore, 
there are some which require only 1,200 to 1,600 nuts to make one 
candy (800 lb.) of copra; while in the case of others the number 
lequired goes up to 2,000 and 2,500. Varieties of the former class, 
which yield nuts of medium size, must be selected for planting. In 
the case of large nuts the number per acre will be proportionately 
small ; and in the case of small nuts, though the number may be large, 
the kernel inside is so thin that the quantity of copra obtained from 
an acre will be comparatively less. The golden rule to be observed, 
therefore, is the selection of medium nuts with thick kernel. This 
rule has not been universally followed in the past, and hemie 
very many undesirable varieties have come into actual cultivation. 
To prevent the repetition of this mistake, the Agricultural 
Department has during the last two or three years selected nuts 
of the desired, types and sold them to the public. This work is 
being continued, and to enlarge its scope the department has 
also assisted in the formation of a private firm to carry on the 
same work. 

The greatest possibilities in the improvement of coconut cultiva- 
tion in Travancore lie in the method of manuring, and it is the 
solution of this question that has engaged the prominent attention 
of the Agricultural Department during the past seven or eight years. 
The department has carried out a number of experiments with 
different manures, most of which are still being continued, and has 
obtained highly encouraging results. The majority of soils of 
Travancore, except those bordering on the backwaters and the 
alluvial deposits on the banks of rivers, are deficient in humus, 
nitrogen, phosphoric acid, and lime. From a number of samples 
of soils analysed, it is found that the composition varies somewhat 
as follows; Nitrogen, 0'06 to O’ 17 per cent.; phosphoric acid, 
O’Ol to 0’05 per cent. ; and potash, 0*20 to 0*30 per cent. 

The only plant foods which are present in anything like satis- 
factory quantities are potash and in some oases nitrogen also ; but 
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even these cannot be considered sufficient for the requirements of 
the coconut palm. It has been calculated that a (Top of 2,000 nuts 
per acre will remove from the soil about 18 lb. of nitrogen, 5 lb. of 
phosphoric acid, and 38 lb. of potash. If the requirements for the 
growth and nourishment of the palm are also taken into account, 
the quantities of plant foods to be added to the soil annually, in order 
to prevent its deterioration, must be not less than 24 lb. of nitrogen, 
12 lb. of phosphoric acid, and 60 lb. of potash. This is of co urse in the 
c.ase of a soil of medium fertility. But in the case of soils which are 
exceptionally poor in phosphoric acid and to some extent in nitrogen 
also, but fairly rich in potash, us Travancore soils are, the first two 
must be added in larger quantities, and the last in somewhat less than 
in the usual proportions. Travancore soils also contain very little 
lime, and lime is essential to such a longstanding (Top as the coconut 
palm to neutralize the acids that are formed in the soil and to improve 
its general texture. Common salt has been found to be a valuable 
manure to the palm. The Travancore ryots have learned it by 
experience, and the scientists have declared from their analyses that 
as much as 60 lb. of sodivun chloride are removed from an acre by a 
heavy ciop. Near the coast, where there is the possibility of the 
sub-soil being infiltrated with brackish water, the application of 
common salt caii. be dispensed with ; but in other places it is indis- 
pensable . Keeping the above facts in mind, I have prepared a manure 
for the coconut palm consisting of ingredients available in Travancore. 

1 have not gone in for artificials because they are not easily available, 
and, even if available, they are too costly to become widely popular 
in the near future. My mixture consists of 10 lb. of oilcake, 20. lb. 
of ash, 2 lb. of fish refuse, and 1 lb. of common salt per tree. In the 
place of fish refuse bonemeal can be substituted, and in soils whose 
lime contents are poor, 10 to 15 lb. of quicklime are also added once in 

2 or 3 years. The above mixture has the following average composi- 
tion: Nitrogen 0‘63 per cent., phosphoric acid 1*01 per cent., and 
potash O’ 74 per cent. 

Several experiments have been carried out with this mixture 
both by the Agricultural Department and by private persons under 
the supervision of departmental officers, and all of them have 
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produced exceptionally good results. I shall give here the results 
of a few such experiments. 


Serial 

No. of palnifl 

Year 

Total produce 

Average yield of 

No. 

man n red 

in nuts 

nuts per palm 

1 

i 

10 

1909-10 

44 

44 



1910-11 

07 

6-7 



1911-12 

*223 

223 



19l2-i;i 

480 

48*0 



191:M4 

573 

57 3 



1914 15 

609 

66-9 



191510 

919 

91*9 

o 

100 

19l2-i:4 

4,000 

400 



1913-14 

7,000 

70-0 



1914-16 

6,000 

60-0 



1915-16 

j 

j !),000 

90*0 


•268 

1911-12 

11,300 

43-4 



1913-14 1 

19,400 

73-8 

4 

‘250 

1 

1912-13 

3,989 

15-9 



191.3-14 

9,857 

S9-4 

i 


1914-15 

10,042 

40’1 

1 


1915-16 j 

11,S62 

47-5 

5 

100 

1914-16 i 

1 

i.ias 

11-9 



I91M6 1 

2,309 

23-1 



1916-17 1 

i 

4,167 

41*7 


The trees in the first series were in a very jx)or condition at 
the commencement of the experiment owing to long neglect. The 
second and third series were conducted on lands of medium fertility 
and with trees which were not so badly neglected ; and the last two 
series on poor lands and with trees badly neglected for a long time. 
The statement given above clearly shows that there has been pheno- 
menal increase in the yield of nuts in consequence of regular manur- 
ing. The highest yield obtained is nearly 92 nuts per palm. It has 
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taken seven years for long neglected trees to produce this yield. Ti’ces 
which have not been so badly neglected have come up to this stan- 
dard in four years as the second series of experiments diows. In the 
last two series the trees were so badly neglected that the yield has 
only increased to 47 and 41 nuts respectively in three to four years. 
It is sure to increase still fiwther in subsequent years and come up to 
the yield of the trees in the first series in another three or four years. 
The lesson that these experiments teach is that under proper manur- 
ing the yield of coconuts will increase to as much as 90 nuts at 
least per palm per annum. When dealing with the outputof coconuts 
in Travancore in one of the previous paragraphs, I have stated that 
the average annual yield for the whole of Travancore can be put 
down at 2,000 nuts per acre. Assuming that the trees are planted 
at 70 to the acre, this only works out to an average yield of 28^ nuts 
per tree. The numerous experiments conducted’ by the Agricul- 
tural Department have proved unmistakably that this average yield 
can be more than trebled. In the face of these facts, does any one 
still think that the statement I have made in the earlier portion of 
this paper, namely, that the outputof coco nxits in Travancore can be 
doubled, is an exaggeration ? I have been making a special study 
of the problems of the coconut industry in Travancore, and I am 
convinced that it has a great future before it, and that the country 
has in this industry great potentialities for increasing its wealth 
and for adding to the material prosperity of its population. What 
is it that has to be done for the development of these potentialities ? 
The answer is simple. Spread knowledge among cultivators and 
afford them all possible facilities for the purchase and use of manures. 
The Travancore Durbar is no doubt doing something in these direc- 
tions through its Agricultural Department ; but there is a great 
deal more remaining to be done, and this is all that I can say about 
the matter in this connection. 

Pests and diseases. 

Several other problems connected with the coconut industry 
are engaging the attention of the Agricultural Department, for 
example, the method of manming, i.e., whether manures should 
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be applied in one complete circle around the palms or in half circles 
or in one- third circles ; the question of breediog coconuts in order t(j 
produce a variety possessing all the good qualities which I have 
referred to when dealing with the selection of seed nuts, and several 
other kindred problems. ‘As no satisfactory solution of these 
problems has yet been arrived at, Ido not propose to deal with this 
part of the department’s work at present. Nor do I wish to take up 
your time by entering into a discussion of that wide and important 
subject of pests and diseases of coconut palms. A full treatment of 
this subject will require a separate paper to itself, and much more 
time than I have at my disposal now. I may simply mention, 
however, the serious pests and diseases that Travancore cultivators 
have to contend against. 

Among the pests the most serious are the rhinoceros beetle 
{Oryctes rhinoceros) and the palm weevil (Rhynchophorus ferrugi- 
neus). Since 1914 a new leaf-eating insect has also been found to 
attack the coconut palms. The hairy caterpillar of this insect eats 
away the green blades of leaflets leaving only the mid-ribs. It 
belongs to the family Limocodida?, and a similar insect found on 
coconut palms in British Malabar has been identified by the Imperial 
Entomologist as Contheyla rotunda, Hmp. Prom all appearance the 
insect found in Travancore seems to be the same. In Malabar its 
outbreak was observed for the first time in December, 1916, and in 
Travancore in December, 1914. The Travancore Entomologist has 
discovered a natural enemy of this pest in a hymenopterous insect 
by which it has been found possible to control it. 

The coconut palm is subject to many infectious diseases. The 
commonest of these are : (1) Leaf disease, caused by Pestalozzia pal- 
marum ; (2) Bud -rot, similar to the one attacking the palmyra palms 
in the Godavari District, caused by Pythium palmivorum; (3) Stem- 
bleeding disease, which has been fully investigated by the Govern- 
ment Mycologist, Ceylon, and which he attributes to Thidaviopsis 
ethaceiicus ; (4) Root disease, which has been, investigated by the 
Imperial Mycologist, India, and the Mycologist of the Imperial 
Department of Agriculture, West Indies, and which is attributed to 
a fungus of the genus Botryodiplodia. All these diseases are seen 
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in Travancore — the first three only in mild forms of a sporadic 
nature, but the last in a more serious form over a wider area. The 
root disease has been in the country for well-nigh over half a 
centui'y ; but the people took no notice of it, and the Durbar had no 
knowledge of it till 1897, in which yeai- some of the owners of affected 
palms presented a memorial inviting the attention of the Durbar 
to the serious natine of the disease and praying for help. At first 
the Durbar did not think that the matter was a very serious one ; 
but when the authorities fully realized the seriousness of the situation 
they applied to the Government of India for the services of a myco- 
logist to investigate the disease, and accordingly Dr. E. J. Butler, 
Imperial Mycologist, India, was deputed for the work in 1907. He 
wei\t over to lYavancore, investigated the disease, submitted a 
retort to the Durbar, and published an account of his investigations 
in Bulletin No. 9 of the Agricultural Research Institute, Pusa. 
Most of the suggestions of Dr. Butler, such as segregation of infected 
trees in isolated areas, propagation of disease -resistant varieties 
of the palm, improving the general health of the palm by better 
cidtivatiou and manuring, etc., have been given effect to, in the 
result that the spread of the disease has beoi\ arrested and a substan- 
tial improvement in the general condition of the palms in the infected 
areas has been effected. But the most imjx)rta)it suggestion of 
Dr. Butler, namely, desti’uctiou of all infected material, has not 
yet been put into practice on account of the serious objections of 
(ioconut cxdtivators. The coconut palm and the cow are looked 
uj)on by TVavancore Hindus with a certain amount of saxTedness. 
The name “ Devavriksham " is a sufficient indication of this fact 
as far as the palm is concerned. On religious grounds, therefore, 
the cultivators objo(;t to the destruc.tion of the palm. They also 
obje(!t to it on sentimental grounds. A man who has planted and 
nursed a palm cannot brook the idea of Idlling it. Destruction is 
objected to on economic grounds os well. A diseased palm does not 
die all at once. It lingers on for five to six years, and during this 
period it continues to yield some nuts, though greatly diminished in 
size and number, till the very last stage, and the owner is not 
prepared to lose the income, however small it be, which he gets 

8 
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from his diseased palm. The last and the most serions objection, is 
based on reasoning from the analogy of human diseases. What the 
cultivators say is that a plant suffering from a disease ought to be 
cured as human patients are and not to be summarily disposed of by 
destroying it. There is no use in arguing with people of this 
nature. They will never bo convinced of the necessity of such a 
radical cure as the destruction of all infe<ited material for the 
eradication of this deadly disease and for saving the otherwise 
prosperous coconut industry of the country. Persuasion has been 
tried and has failed, and the only (iourse left open, is compulsion. 
The Durbar is convinced of the necessity of legislating on the 
subje(!t and action is being taken in the Legislative Council. 

Great industrial possibilities. 

The coconut palm supports a large portion of the population, of 
Travancore. Besides those acitually engaged in the (uiltivation of 
the palm, the industries connected with its produce give work to 
more than 150,000 persons. Tlie most important of these industries 
is the manufacture of coir yarn from the coconut husk. It is cairied 
on as a cottage industry by the people living on the coast and on. the 
sides of lagoons and backwaters. Green husk is soaked in water for 
about six months, is then taken out, beaten, with a wooden flail, and 
manipulated by hand to separate the fibre from other tissues, and 
the fibre is thoroughly (deaned also by hand and twisted into yarn 
with the help of a small hand-wheel. Tlie finished yarn is graded 
according to its fineness and colour and sold to merchants. This 
in.dustry is practically in the hands of women of the poorer classes. 
Tlie husk is generally bought and soaked by petty merchants, and 
the soaked husk is sold by them in small quantities to women. A 
woman usually buys about 2 annas worth of soaked husk every 
morning, and by evening she prepares yjirn and sells it back to the 
merchant for about 4 annas, thus making a profit of 2 annas. Before 
the outbreak of the present war the price of green husk was something 
like Es. 10 per 1,000, and the cost of labour and other charges for 
soaking and preparing yarn varied from Rs. 15 to Rs. 20. The husk 
of 1,000 nuts would yield 200 lb. of yarn, the price of which in 
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Travancore before the war was Rs. 30 to Rs. 35. This was the price 
at which yarn was being sold by petty merchants to wholesale 
exporters. The former were thus making a profit of Rs. 5 to Rs. 10 
on an investment of Rs. 20 to Rs. 25. The wholesale merchants, 
mostly Europeairs, who exported tlie article to foreign countries, must 
have been making considerably larger profits. The yarn that went 
to those countries was being used for the manufacture of cordage, 
matting, rugs, and carpets, and the manufacturers must have also 
been making ver y large profits from their business. Here is an indus- 
ti’y which is capable of yielding enormous profit, and owing to the 
lack of industrial spirit in the country the lion’s share of it goes to the 
more enterprising nations of the world. Travancore exports annually 
about Rs. 57,00,0(t0 worth of coir, and if all this coir had been manu- 
factured into finished articles in the country itself, she would have 
])Tol)ably got another Rs. 57,00,000. This is indeed a serious loss 
to the country, but still greater is the loss that accrues from the 
export of copra, oil, and nuts. The aggregate value of the annual ex- 
])ort ti ade in these articles before the war was about Rs. 1,08, (’0,000. 
If the manufac.tiue of margarine, soaps, and candles out of these 
artides, which is now being c.arri<Kl on in foi eign countries, had been 
undertaken in the land of the palm itself, another crore of rupees 
could have easily been added airnually to the income of its people. 
India, as a whole, is baclcward in industrialism, and Travancore is 
e\'enmore so than India. Even in this war time, when every part 
of the British Emphe exhibits an unusual awakening in matters 
industrial, Travancore continues in the same old groove. The war 
has hit the country very hard. Owing to the shortage of tonnage 
its coconut products cannot be sent out. The price of nuts has 
fallen to Rs. 20 per 1,000, while before the war itwasashigh as Rs. 65 
to Rs. 70, and even at the reduced price there is no one to buy 
them. If things continue like this for a few years more, which God 
forbid, the much talked of prosperity of Travancore will have to 
make way for a chronic state of poverty. Such a catastrophe could 
certainly be warded off if the people would only wake up from their 
slumber, realize the immense possibilities that exist in their country 
for the develojment of coconut industries, ard go forward with a 
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dash, start these industries boldly, and invest their money in them, 
havii^ regard to their own interests and the interests of the country. 
But I doubt very much whether they will do it. At any rate they 
have not begun to do it, and in the meanwhile other people have 
come forward to take their place. It has been aimounced in news- 
papers lately that that enterprising firm, the pioneers of gigantic in- 
dustrial undertakings in India, Messrs. Tata & Sons, have decided to 
establish a factory at Cochin for the manufacture of margarine and 
other articles out of coconut oil. When this project becomes an 
accomplished fact, which I hope will be very soon, the firm ought to 
be in a position to buy up a large portion of the coconuts produced 
in Travancore, Cochin, and Malabar, and afford relief to the coconut 
cultivators of these territories from the hardship which they now 
suffer on account of the want of shipping facilities. The people of 
Travancore have received the announcement of Messrs. Tata & Sons 
with universal joy, and are eagerly looking forward to its early 
fulfilment. 
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THE SOURCES OP THE MILK SUPPLY OF POONA CITY.* 


BY 

HAROLD H. M.4NN, D. Se., 
Principal, Poona Afiricultwal College. 


The iniprovetnent of the supply of milk to Indian cities has 
been a subject of very serious consideration in many parts of India 
in recent years, and nowhere more than in the Bombay Presidency. 
The matter was brought into prominence by a paper on the 
subject which I read at the Agricultural Conference in Poona in 1913, 
in which I gave the results of a careful examination of the milk 
supply of Poona City in that year. This showed that the milk 
available was insufficient in amount, was exceedingly poor in 
quality, and was to a very large extent produced under highly 
insanitary conditions. 

Shortly after this the matter was considered on a more general 
basis by a committee presided over by Mr. G. F. Keatinge. The 
report of this committee confirmed the essential conclusions of my 
paper of the previgus year, and made a large number of recom- 
mendations. In general while emphasizing the extreme compli- 
cation of the problem of city milk supply in Western India, they 
considered that it would ultimately be solved by the organization 
of supply from cultivators and others keeping cows and buffaloes 
under natural conditions at a distance (often at a far distance) from 
the town and by the improvement of transport which will make it 


* A lecture delivered before the Deooan Agriooltoral Aeeooiatiou, Poona. 
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possible to place such milk on the market in good condition. Lack 
of knowledge of the difficulties which were likely to arise led, however, 
the committee to recommend that a single large city should be 
selected, the whole question of its milk supply investigated, and 
the most suitable directions for its improvement worked out at the 
cost of Govermnent. The beginnings have now been made of 
such an investigation in the ciise of Poona, and I wish to place 
before you some of the data which we have obtained. 1 may say at 
once that 1 do not yet see the way clearly in which all the difficulties 
will be removed, but 1 always feel that to know these difficulties is 
the first step towards meeting them. 

The first weakness of the present milk supply in nearly all cases 
is its deficiency in quantity. In Poona, in 1913, 1 found that the 
total milk available daily from all sources was under four oiinc-es daily 
per head of population. This small supply, to a populatioJi w'hich 
would use milk if it could get it, means a vei}' dear suppl}’ and a 
very much adulterated supply. In fact, any attempt to stop 
adidteration, without at the same time ijicreasing tiie quantity 
available, increases the dearness of the milk and lienee the power 
of the people to get it. TJie price of pure milk in Poona City was 
already 50 per cent, higher than that customary in cities in 
England before the war, and it was at the same time difficult to 
obtain. This high jirice occurs in a country where the average 
resources of the people are A ery much smaller than in Europe. 

The first problem, therefore, was to increase the supply of 
milk. At present there are three sources from wliich milk is ob- 
tained. In Poona 78 per cent, of the total is got from animals 
kept inside the city, either by professional gowalis as a business, 
or by private householders for their own use. Tlie second source 
of supply consists of milk brought in from the surrounding villages 
where milch animals are kept in part by professional gowalis, and 
in part by cultivators as a secondary source of income. In Poona 
this comprises practically all the remainder of the supply. The 
third source, which has been negligible in the past in the case of 
Poona, is the organization of the supply of milk from more distant 
villages where it is produced by cultivators, under cheap and 
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natural conditions, but where at present the difficulty of getting 
it to market prevents it being taken to the cities. 

Of these sources of milk, the first, I feel, cannot be materially 
increased, owing to the increasing population in the city. Nor is 
it desirable that it should be increased. The milch animals are 
usually kept under unnatural conditions, nearly always insanitary, 
and the milk must necessarily from the nature of the case be 
dear. With regard to the second source of supply, namely, the 
surrounding villages, the organization of this supply is already 
being taken up by co-operative societies and others. If it pays to 
protluce milk for city use in these villages the organization is not a 
verv difficult matter. 

'Pile third source of supply has not, however, been exploited 
at all. And yet it was known that milk was produced at what 
seemed extraordinai'ily cheap prices at pla(;es Httle beyond the 
present sources of supply. 1 therefore decided to tfdce four areas, 
all accessible from Poona by roads or rail, and all beyond the present 
range of supply, and inv'cstigate, village by village, (1) what is the 
present possible supply of milk ; (2) at what price it can be pur- 
chased in the vilLages both in the cold and the hot weather ; (3) the 
likelihood of the increase in the supply if a sure market w'as obtained ; 
(d) the quality of the milk which could be available. In doing 
this 1 have to thank my assistant Mr. V. G. Patw'ardhan for his 
devoted w'ork in collecting data in all these areas, and Mr. S. V. 
Shevde of Talcgaon (and Mr. Patw'ardhan w'orking together) for a 
very exhaustive examination of the situation and its possibilities 
in his own area. 

The four areas which were selected as places where good milch 
cattle are or have been kept w'ere as follows : — 

(1) The group of villages at the foot of Singarh, situated 

from seven to fourteen miles to the south of Poona and 
connected to the city by a good and fairly level road. 

(2) The group of villages near Khed Shivapur. This village 

is situated fifteen miles due south of Poona by. a first 
class road, but between the tw'o places there lies the 
Katraj Ghat. 
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(3) The group of villages in the valley of the Indray ani river 

round the small pilgrim centre of Alandi. This 
lies twelve miles almost due north of Poona with 
which it is connected l)y a good road. 

(4) The group of villages round Talegaon station on the 

G. I. P. Railway, connected with Poona in about 
an hour by a frequent and excellent service of trains. 

The first conclusions which appeared from our inquiries 
were — 

(a) that in rpcent years the milch cattle in all these centres 

appear to have been decreasing rapidly ; 

(b) that the relatively low price of milk is due to a lack of 

demand only, for a comparatively small local demand, 
as at Alandi, raised the price to a figure approaching 
that in Poona City ; 

(c) that the milk capable of being obtained under present 

circumstances was an exceedingly variable one, and 
in many cases almost disappears in the hot weather ; 

(d) that the milch animals kept yield extremely little milk 

per head. 

The decrease in the numlier of milch cattle seems to be very 
considerable, when our figures are compared with the last cattle 
census in 1915, in all these areas. It is, of course, possible that 
(owing to the well-known reluctance of the people in Deccan villages 
to give particulars regarding their cattle) one or other of these 
enumerations is not entirely correct, but I feel that this can hardly 
account for all the difference. In the Singarh area the decrease in 
milch cattle (cows and buffaloes) in five groups of villages (Mouzas) 
amounted to 37 per cent. ; in the Khed Shivapur area it reached 
26 per cent, for sixteen groups of villages. The number may in 
both these cases have been affected by the fact that the investigation 
was done at the lieight of the hot weather, but the difference, I think, 
is not very material. This cause was not, however, dominant in the 
Alandi area, where the decrease was 37 per cent., in spite of the 
enumeration being done in the rainy season. At the Talegaon 
villages the decrease appears to be about 29 per cent. 
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This decrease is alarming, and, making every discount, I am 
inclined to think it is real. It is attributed by the people concerned 
to various causes, notably to the increased stringency of forest 
regulations, to a shortness in the amount of fodder in the absence 
of forest grazing, and to absence of ready money among the villagers^ 
It has undoubtedly been aggravated by the ravages of rinderpest 
in recent years, which have caused very great losses indeed, and also 
to serious outbreaks of foot-and-mouth disease. The investiga- 
tion of the causes of this reduction in the milch cattle demands, 
however, another and special study. 

The price of pure milk in the areas in which there is no special 
local demand varies from si.x;teen to eighteen pounds per rupee. 
For this amount the morning milk would be brought to a dep6t 
in one of the villages, provided the distance is not more than two 
or three miles. This might also be done with the evening milk, but 
1 am not quite sure. I think, too, that for this price with a shrewd 
purchaser, unadulterated n)ilk could be secured. The higher 
price would have to be paid, of course, in the hot weather. 

In one of the centres examined, Alandi, there is a local demand 
for milk chiefly for pilgrim visitors to the place. This demand, 
variable and uncertain as it is, raises the local price of milk to ten 
to twelve pounds per rupee -a figure not much below that which 
it fetches in Poona. This occurs in spite of the fact that the 
Indrayani valley in which Alandi lies is an excellent place for cattle 
and that there is a very large number of milking animals in the 
neighbourhood. 

One of the biggest difficulties met with is, however, the extreme 
variability of the supply. In the months from September to 
January (cold weather) there is often enough spare milk to form the 
basis of a supply, while in the remaining months of the year there 
is little or none to be had. I will illustrate this point from my 
figures. In a group of villages round Singarh the amount of milk 
available partly in the cold weather for sale runs about forty to 
fifty gallons : in the same group in the hot weather there is certainly 
not more than ten gallons per day. In another and larger group 
round Khed Shivapur, in the cold weather the surplus available 
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for sale ainoujits to about 140 gallons daily. In the remainder of 
the year this gradually sinks to less than 30 gallons. The same 
difTiculty is found everywhere, and I suppose will always remain 
until fodder is more largely grown by the people and preserved as 
silage or in some other manner. 

The yield per head of the milch animals in a Deccan village 
appears to be astonishingly small. According to the people it only 
amounts to about two pounds per day per iiiilking animal and sinks 
to one pound per day in the hot weather. It must be remembered, 
however, that in a large nuTnber of cases, particularly among cows, 
this amount is obtained after the calf has been fed, and where the 
breeding of a good working bullock is a matter of dominant 
importance this may well take a very large share of the milk 
produced. 

In some respects, therefore, the results of our investigatioii of 
the present milk possibilities of a number of likely areas near Poona 
are disappointing. They show that at present the amount of milk 
available is small, and, that being the case, the price very easily 
rises to a figure Avhich is no use for the supply of Poona. They show 
also that the yield of milk from existing animals is very small, and 
that the difference between the quantity in different parts of the 
year is so great that the milk available almost disappears in the 
hot weather. The question, hoAvever, at once arises as to how far 
the quantity available is likely to increase, and the keeping of milch 
cattle can be taken up on a larger scale and on a more satisfactory 
basis if a regular and certain market is provided. 

1 may, at once, say that, except at Aland! where there is a 
certain local demand, the people themselves say that, provided a 
ready and constant sale is guaranteed, they will go in for more milch 
animals and be able arid ready to provide more milk at the present 
prices. In some villages in the neighbourhood of Talegaon, the 
people were particularly emphatic. “ If you want the milk, ” said 
they, “ we will provide it, but get the business started.” 

The matter is, I think, ripe for experiment, and in one case, 
that of Talegaon, a certain amount of experiment has been made 
by my friend Mr. S. V. Shevde, and I propose now to describe what 
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has been done tlierc, the difficulties met witl), and the way in wliich 
the matter may possibly be brought into practice on a consider- 
able scale. I want to give a perfectly frank statement on the 
subject. 

The experiment in question was started in August, 1917, from 
a village which was stated to be able to give 100 pounds of milk per 
day, and the people were asked to bring the morning’s milk to the 
village cliavadi. No check was possible on adulteration at first, 
but a warning was given that adulteration would wreck the scheme. 
The village chosen was about two miles from the depot near Talegaou 
station by a short cut or three miles by a regular road, and- the 
milk was brought to the depot betw'ccn 9-30 and 10-30 A.M. at a 
cost of tw'o annas per coolie employed. 

Ft)r the first few days the milk was brought in good condition 
at 10 pounds per rupee and ca.sh wjis paid. Then the first difficulty 
arose in that the producers began to mix fresh milk with the milk 
from the previous night’s milking. It was quickly found that if 
this was done the combined milk quickly became sour and was 
unfit for sending to Poona, but the cultivators took the stand 
that they could only continue to give us the morning's milk if we 
i^ought also the milk of tlic previous evening. This meant tlie 
organization of purchase of the evening milk also ; a more difficult 
matter, as, at night, it w'as more costly to carry to the depot, 
requirijig two coolies instead of one and so doubling the carrying 
charges. 

The next difficulty was that the milk wffiich had been quite 
good at first rapidly began to be adulterated largely with water. So 
far the provision of a lactometer and its use by the milk collector has 
met this difficulty. The people, in fact, having once tasted the 
advantages of a regular sale practically at their doors, did not 
wish to risk their market and have brought decent milk again. So 
far the average fat content of the morning’s milk is 7'2, and of the 
evening milk is 5‘1. Tliis is likely to be always the case as there 
can be better supervision in the morning. 

The regularity of supply has been perfect, showing that in this 
matter the cultivators can be depended on. 
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The next difficulty has been the keeping of the milk after 
receipt. So far the night milk has been simply placed in open 
vessels in a cool and airy place, and has been despatched to Poona 
by the train reaching there at 5-30 a.m. It is distributed before 
8-30 A.M. Thus the milk, taken from the cow between 6 and 8 P.M., 
is delivered in Poona exactly twelve hours later. Even in the 
months between August and November, 1917, there has been some 
difficulty about it going sour with no greater precautions than those 
indicated. About three times a month it has been slightly soui', 
and this is, of course, fatal. It is evident that the evening 
milk cannot be delivered in Poona from Talegaon unless 
some form of artificial cooling is used or unless the milk is 
pasteurised. 

The difficulty is greater with the morning milk. This arrived 
at the depot at about 10-30 a.m., the cows having been milked at 
7 A.M. and the milk having been carried in the sun. It reached 
Poona at 12-45 p.m. and is delivered by about 2 p.m., though it is 
not usually used until the late afternoon. In this case, the danger 
of going sour was considerable, and it quickly became evident that 
unless a cooler at least, and possibly a pasteuriser, is installed at 
Talegaon a trade in the morning milk is impossible. , 

This involves a greater expenditure at Talegaon for preserving 
the milk. Luckily ample well water is available for cooling and is 
always fairly cool. Well water rarely is above 70® E. and often 
considerably below tliis, and with its use it will be possible to keep 
the milk, both evening and morning, at a temperature which will 
prevent it going sour. This is the next stage of our experiment. If 
found not sufficient, it will be necessary to instal a pastemiser and 
this will mean considerably greater initial cost.* 

In general our inquiries at Talegaon show as follows. The 
conclusions would probably be the same for many of the stations 
in the large grass areas between Poona and Lonavla. 

(1) Talegaon is a good centre for milk supply, and with a little 
organization about 1,000 pounds of milk would be available in the 


** A pasteurUor has now been put in. — (H. H. M.) 



SOURCES OF THE MILK SUPPLY OF POONA CITY 


637 


cold weather, and perhaps half this amount in the hot weather, 
within a distance of not more than four miles of a depot near Talegaon 
station. The price will be from 15 to 16 pounds per rupee at the 
collection centres. 

(2) A constant demand will lead to a fairly rapid increase in 
the number of milch animals kept and to better feeding of the 
animals, provided cash is paid for milk. 

(3) The organization of the supply to Poona \vill involve treat- 
ment of the milk at least by cooling and probably pasteurising, 
as arrangements cannot be made for its certain delivery in Poona 
much less than twelve hours after milking. 

(4) The disposal of the milk in Poona in the morning presents 
few difficulties ; that arriving in the city in the afternoon is more 
difficult but can, I think, be got over. 

(5) The organization of this supply would mean an initial 
expenditure of about Ks. 2,500, and if 500 pounds of milk a day 
were supplied, it should yield a profit of from Rs. 100 to Rs. 250 
per month, without counting interest on the investment. 

Other difficulties would arise undoubtedly, such as the demand 
falling off when Poona is plague-infected, and the like. But 
I think that the scheme outlined gives a sufficient chance of success 
to be gone on with, and I feel that there is every chance of the 
supply growing to an extent which we can hardly conceive at 
present. 

What may be done at Talegaon may also be done probably at a 
large number of other centres situated in an equally favourable 
or more favourable position. I have already heard that similar 
schemes have already been mooted at other stations near Poona. 
If these work out, we shall have taken a step in the same direction 
as has been followed in practically all large towns in western 
countries, where the supply of milk from considerable distances, 
by collection from genuine farmers, has gradually replaced the 
supply from town gowalis, which was almost universal a generation 
ago. 

Our experiments have not gone so far in the other centres 
where our inquiries have been made as at Talegaon. But there 
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seems reason to suppose that milk can also be successfully supplied 
by road where there are good dairy centres or centres with good 
dairy possibilities. Such a one is Khcd Shivapur and the neighbour- 
hood. Here the organization would probably have to be different, 
though T speak with caution, as sufficient experiment has not yet 
been made. The real difficulty in these road journeys is the rapid 
transit to the <‘ity, and the only means of effecting this seems to be 
by motor, the pasteurising being carried on in the city. To do this 
would need a very large supply — larger than seems to be available 
at present. But I prefer to leave the discussion of this matter 
until our experiments have gone further. 

On the whole, therefore, our inquiries sho^v that the supply 
of milk to c ities from outside is beset by diffic ulties which do not 
occur elsewhere in the same form. The fundamental difliculty is 
probably the low yield of tlic animals, and the fact that the people 
trust to casual supplies of fodder and liave not learnt the use of 
silage or its equivalent. But there sc'ems reason to su])pose that 
these difficulties can be got over, and once the movement is .started, 
it will, T feel, get constantly increasing momentum. Once the supply 
of milk is adequate in the city. 1 believe the difficulties of I’egulation 
of quality and securing of a sanitary sup])ly will solve themselves.* 


* Since the al»ovo was WTiitcn, a regular organized flupply ih being obtained from 
Talegaon, when? a pasteuriser has been installed, and it is lu>)>ed to reach 700 pounds per 
day in tho cold weather of 1918-19. If a.s successful as promise.s to he the case, I shall 
hojw‘ to give an account of this e.Yperiment and its diffieultios later on.-— (H. H. M.) 
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ANJ) HYBRIDIZATION.* 
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RUDOLPH D. ANSTRAD, M.A., 

Drpulji Direrfor of AqrimJhno, Phiitiiiq T)i<tlrtrlx, Mailmn. 

Evkr .‘iiiloo Mr. C!iimoroii ciillpil att^'iition to tho pof;sil>i1ities 
of it. in liis report on a visit to C'oorp in 1899, a oert.iin amount of 
work lias lieen done along tlie lines of hybridizing coffee to rai.se a 
new .strain which will bear more heavily than the ordinary arnhim 
and be more disea.se-resistant. A fair measure of sncce.ss lias been 
attained in .several ])lace.s. notably in South My.sore by Mr. Crawford, 
and by Mr. Hamilton at Chnndrapore, and by Mr. Jai'k.son in 
South Coorg, who ha.s succeeded in rai.sing on a large scale a very 
sati.sfactory hybrid which comes true to seed. It is to be hoped 
that before long this seed will lie on the market as soon as Mr. 
Jackson has supplied his own requirements. Again, at Dodden- 
gooda, in South Mysore, Mr. Kent has got established a good strain 
of coffee which may or may not be a true hybrid : its history is 
unfortunately not known with accuracy. 

The work of making hybrids is long and tedious and scarcely suited 
to estate conditions, however, and I still hope some day to see this 
work being done by an Economic Botanist on a special coffee garden. 
As I have said before, it would pay coffee planters to establish such 
a station and an expert even though they would be working more or 
less for posterity. 

What I wish to speak of to-day, however, is a simpler matter 
which could, and ought, to be undertaken by every coffee planter. 


* Spoeoh delivered at the Ooffoo nantora’ Oonferenoe hold at Mysore iu Jaly, 1918. 
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namely, the selection of seed. A tremendous improvement can 
be made in the strain of any plant by persistent seed selection, and 
many of our economic crops are being anmtally improved by this 
method alone. 

The starting point is what everybody has, “ the best tree on 
the estate.” I am constantly shown this in the course of my tours, 
but I am seldom or never shown what I want to see — the fields of 
coffee which have been planted with plants raised from the seed of 
this tree. Inde'ed the method of taking coffee seed, for planting 
nurseries, which I see going on, is as a rule a most haphazard one. 
There is no selection about it and in most cases no one can tell from 
which trees the seed came, not always even which field. This system 
is all wrong from start to finish, and in my opinion it accounts to a 
very considerable extent for the deterioration of the strain of coffee 
which has undoubtedly taken place in some districts. 

As I say, the starting point for selection work is the “ best tree 
on the estate,” or the best several trees, judged by their yield under 
all circumstances, even in bad climatic seasons, the shape and habit 
of the bush, its freedom from diseases and its resistance to leaf 
disease and scale insects. Having chosen a few trees like this the 
next thing to do is to cut out the coffee trees round them, to give them 
ample space, light, and air, and then to make arrangements for 
netting them when they are in flower. To do this four stout posts 
should be put in the ground at the corners of a fourteen-foot square, 
each post about ten feet high, and a mosquito net made to fit over 
them so as to completely enclose the whole bush. It is a good plan 
to sew a valence of stout cloth round the bottom edge of the net 
which can be laid on the ground and have earth piled on it to keep 
the net steady and prevent it being blown about by the wind. 

The blossom set under this net must be self-fertilized, which is 
an important point. If allowed to set in the open one has no control 
over the pollen used, and it may come from the worst tree on the 
estate. Seed self-fertilized will come true to a large extent and 
reproduce the characters of the parent tree. 

This procedure will no doubt decrease the normal crop of the 
tree but this does not really matter, enough seed will usually be 
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obtained to plant up a fair-sized nursery. It is possible that the 
introduction of bees under the net might help the pollination and 
increase the crop. This has been tried, but I understand that the 
bees did nothing but fly round and round the net trying to escape. 
This may have been because the net was not big enough, and more 
observations on the point are required. 

As soon as the fruit is set the net may be removed and stored 
for future use. Work should then be begun on the preparation of 
the nursery which is to receive the seed, and this nursery should be 
made with all the skill and experience at the command of the planter. 
It is a special nursery worth infinite trouble and expense to ensure 
its success. The berries should be gathered when as ripe as possible 
and pulped by hand and only the best seeds chosen. Peaberry 
need not be rejected, as peaberry is an accident and not an inherited 
(‘.haracter. 

The nursery plants should be spaced widely and most carefully 
attended to and sprayed with Bordeaux Mixture, if necessary, to 
protect them from attacks of leaf disease. When ready to plant 
out, a second selection should be made, and this second selection is 
most important. Only the very best plant should be put out. A 
weakly plant or one of bad shape should be rejected as should even 
doubtful plants. In my opinion it is a very good nursery indeed 
from which 75 per cent, of the plants can be put out. It often 
liappens that on looking at a new clearing I see a corner which is very 
poor c-ompared with the rest, and I am told that it was “ planted with 
the tail-end of the nursery.” Well, it does not pay to plant out 
that tail-end of the nursery and it is better to leave a portion un- 
planted for a year and keep it under a green dressing crop than to 
put out poor plants. 

The next stage is to .select the best three or four bushes from 
the clearing planted from the first selected seed as soon as they 
come into bearing and to repeat the process. By this means each 
clearing would improve in strain and in course of time a vigorous 
strain of coffee would be built up. I am inclined to think that 
this is what has happened in the case of Mr. Kent’s plants 
aC/Cidentally. The seed was isolated in a village garden and 

9 
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a selected strain has been esfciblished which is as good as a 
liybrid. 

1 am convinced that a process of selection of this sort over a 
period of 10-20 years would make a great improvement in the yield 
and welfare of the coffee estates, and that it would be a better plan of 
rejuvenation than trying to introduce new seed from other countries 
which will not be selected seed and will need acclimatiza- 
tion and subsequent selection in any case. On any estate all 
supplies put out should be grown from selected seed and special 
nurseries. 

Experiments with seed selection have been carried out for 
years by the Departmerit of Agriculture in the Dutch East Indies. 
In these experiments the seeds from each selected tree are sown 
and cultivated separately, and the growth and production of the 
different lots are compared amongst themselves, and the tree which 
gives the most vigorous and productive de.scendants is chosen to 
provide seed for the future. In many cases it has been found 
possible by this method of seed selection to separate a large number 
of varieties which have been proved constant by successive sowings. 
Coffea arahica has in this way been made to yield not less than 
fourteen such varieties, and I am inclined to think that the Dodden- 
gooda so-called hybrid is not a hybrid at all but a variety of this 
nature. 

That the best way to improve the strain of South Indian coffee 
lies along lines of hybridization and selection, I am convinced. The 
President of the Botanical Section of the British Association in 
his opening address at the last meeting of that body which was held, 
said ; “ The improvement of the plant from an economic jwint of 
view implies the co-operation of the botanist and the plant-breeder. 
The student of experimental genetics by directing his work to 
plants of economic value is able, with the help of the resources of 
agriculture and horticulture, to produce forms of greater economic 
value, kinds best suited to different localities and ranges of climate, 
those most immune to disease, and of the highest food value. Let 
the practical men formulate the ideal and then let the scientist be 
invited to supply it. Much valuable work has been done on tilieee 
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lines, but there is still plenty of scope for the organized Mendelian 
study of plants of economic importance.” 

The production of new varieties of any crop is a sure method 
of increasing the yield. Soil conditions are only capable of being 
modified to a certain very limited extent, and if the plant- breeder 
and agricultural chemist can co-operate to produce a new type of 
plant better adapted to the local conditions it is obvious that an 
increase in crop will result. 

At Dubarri, Mr. A. H. Jackson has produced a type of coffee 
plant which is fertile and comes true to seed, and the consequence 
is that the seed can be depended upon to provide nurseries for new 
clearings and new estates. This type is a true hybrid and a 
vigorous healthy type of arahica coffee, apparently disease-resist- 
ant to a high degree, and one which comes into bearing early and 
which gives a high yield of a good sample. 

The result may be judged from the fact that some of the 
hybrid trees planted in a clearing purposely placed under adverse 
(^orvditions of soils, shade, and facing, bore in their second year at 
the rate of 13| cwt. an acre, and more in some cases, and that they 
held and ripened this crop without shedding any primaries. They 
have now given three big crops without any sign of dying back. 
A sample of the bean has been very favourably reported on in 
England and the experiment has so far proved a great success. 

Last September the final step in this experiment was begun, 
namely, the planting out of this hybrid on an estate scale. Last 
week I had the pleasure f)f inspecting the first (dearing of this 
hybrid, at Malamby, some 23 acres in extent. It is planted in good 
soil and under ordinary estate conditions, and the clearing is an 
object-lesson in what a vigorous strain of coffee will do. Though 
only just a year old the large majority of the trees are three feet six 
inches in height and have 13 and 14 pairs of primacs closely set 
together. The plants are very healthy and are growing vigorously, 
and there were no failures from drought. The plants will have to 
be topped when less than 18 months out and will bear a crop in 
their second year and a good crop too, surely a record for nrabim 
coffee, 
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The type is very even indeed, the plants in the row being as 
like as peas in a pod. Jn fact there is less difference to be seen 
between plant and plant than in an ordinary arahica clearing. 
There is little to show that the plant is a hybrid except its remarkably 
vigorous growth and a slight crinkle to the leaf. 

This long experiment of Mr. Jackson’s has now reached the 
last stage. It only remains to send home a shipment of the coffee 
from this plant and let it stand the test of competition in the open 
market with other South Indian coffees of good mark. This test 
is looked forward to vith the utmost confidence, and 1 would once 
more impress upon doubters that they should visit Malamby and 
see for themselves what seed selection and hybridization of 
coffee can result in. 



THE PROMOTION OF vSClENTlFlO AORK^ULTURE.* 


When, in his recent speech at Wolverhampton, the Prime 
Minister spoke of the need for promoting scientific agriculture, 
he touched upon a subject of great national importance, and it may 
be profitable to attempt to give significance to his words. As was 
pointed out in the last issue of Nature, it may be that what 
Mr. Lloyd George had in mind was merely the extended use of 
artificial manures, the discovery and methods of use of which were 
undoubtedly scientific discoveries of the first magnitude, with which 
the name of Lawes and his experimental station at Rothamsted will 
ever be honourably associated. But we should like to think that the 
passages in the speech to which attention was directed are evidence 
that the Prime Minister has advanced to a position which few of his 
political forbears ever reached, namely, that progress in the arts 
and industries is indissolubly bound up with the progress of science ; 
and science in this connection should not be limited to the “ natural ” 
sciences. The application of the scientific method to technical 
problems may well be as potent an element in progress as the 
adoption of the results of scientific research properly so-called. 
The field experiment in agriculture may not be research, but it is 
futile as an experitnetU unless it is conducted under the conditions 
and interpreted with the precautions which science dictates. 

If, then, the Prime Minister has resolved that agriculture shall 
benefit from science, his first task is to take such measures as are 
likely to be fruitful of results. It will not sufl&ce merely to provide 
unlimited funds even on the scale of a “ day’s cost of the war,” if 
at the same time a well-considered plan of operations has not been 
framed. Scientific research in agriculture in the past has suffered 


* Reprintod from Naturt, dated 6th December, 1918. 
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from a failure to attract a sufficient number of men of first-class 
scientific talent. This failure has been largely due to the fact that 
agricultural research offered no career. Not only were such posts 
as were available inadequately paid, but essential needs, such as 
well-equipped laboratories with adequate provision for maintenance, 
had not been provided. 

In the forefront, therefore, of the measures that should be taken 
to link together practical agriculture and science should be placed the 
recruitment of the best scientific talent that the country can provide, 
and this can be secured only by providing suitable . opening with 
reasonable prospects of advancement for the best of the graduates 
in science turned out annually by the universities. Programmes 
of research avail nothing in the aksence of competent men to carry 
them out. We should like to see a .scheme inaugurated under 
which promising graduates in .science would be attracted to the 
study of the agricultural sciences by the provision of special fellow- 
ships under a guarantee that a certain number would eventually 
be selected for permanent posts carrying adequate salaries. 

It is true that in the past most of the great discoveries have 
been made by men actuated merely by a love of knowledge 
for its own .sake, and no doubt the future will not differ from the 
past in this respe<‘t ; but the real point is that, if anything is to be 
accomplished by 8tate action, an appeal mu.st be made to the motives 
by which the majority of men are actuated in choosing their life 
career. There can be no question that if emoluments were placed 
upon a basis which would enable workers to live in reasonable com- 
fort, while prospects of advancement were also improved, the fruits 
of the vineyard would be ample. Agriculture and horticulture are 
still in the main ruled by empiricism and tradition, and while it is 
true that niajiy of the more recent advances in science go to confirm 
the wisdom of the ancients, no one can doubt that we are still far 
from possible ends in many directions. Scientific methods of plant- 
breeding alone are capable of indefinite expansion. Scientific 
methods of controlling plant diseases can be foreshadowed with 
considerable confidence. The crop-bearing capacity of the soil 
may, as Mr. Lloyd George suggested, be increased by scientific 



ttlOMOTtON OF SCIENTIFIC AGRICCLTCRE 


647 


means, and in the region of diseases of live-stock the possibilities 
of progress have scarcely been explored. 

The Prime Minister’s declaration should not be forgotten. 
If agriculturists are alive to their interests, they will see that it is 
not allowed to lapse into the oblivion which so ruthlessly over- 
whelms many of the platform promises of politicians. 



PLANT GROWTH AND REPRODUCTION.* 


It is well known that in many plants there is a well-marked 
antagonism between growth and reproduction. This is clearly 
seen in the case of many fruit trees where the conditions which 
lead to active vegetative growth may be inimical to the reproduc- 
tive processes. In such cases the reduction of vegetative growth, 
as by root pruning, may bring about vigorous flower and 
fruit production. The study of the effect of external con- 
ditions on these two processes, growth and reproduction, is 
obviously of great importance. In the case of the higher plants, 
however, the difficulty of investigating such a problem is increased 
bv the close connection under ordinarv conditions of the various 
external factors ; it is thus very difficult to alter one factor without 
altering others at the same time. In the case of algee and fungi 
which can be grown in the laboratory under artificial conditions 
that can be easily varied at will, the difficulties arc not so great, and 
it is not surprising that in this field of work our knowledge is mostly 
based on experiments with the lower organisms. The art of growing 
micro-organisms, such as bacteria, fungi and also algae, in pure culture, 
has been carried to a high pitch of perfection, but since the growth of 
bacteria and fungi takes place within such wide limits and under a wide 
range t)f conditions, the analytic study of environmental factors has 
been largely neglected in the development of pure-culture methods. 
Some bacterial parasites of animals are markedly sensitive to tem- 
perature conditions, but the majority of fungi will grow within a 
wide range of temperature, so the effect of temperature on the growth 
of fungi has not been fully studied. Again it is convenient in culture- 
work to grow fungi in tubes plugged with cotton-wool, i.e., under 
conditions in which gaseous exchange must be reduced to a low 

♦ Keproduoed from SciettHfic Atnerican Suppltmnl, No. 2246, dated 18th January, 1919, 
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level. Yet, since most fungi tolerate readily such conditions, the 
efiect of aeration on the growth of fungi has been neg- 
lected. A certain amount of aixalytic work with the help 
t)f .synthetic media was carried out by earlier workers, such 
as Pasteur and Rauliu, and later by Winogradsky and 
Bcijcrinck. In 1896 Klebs published the first of his series 
of papers on the effecd of external conditions on alga) and fungi 
grown in pure culture. Klebs did not confine himself to the effect 
of such conditions on growth, but he studied the effect of external 
conditions on reproduction also. Klebs put forward the view 
that growth and reproduction are processes which depend upon 
different conditions, and that as long as the conditions favourable 
for growth are present, reproduction in the lower organisms does 
not occur. Klebs brought out also a point of great importaiice, that 
the conditions suitable for reprodiution are more restricted than 
those for growth, so that reproduction is liable to be inhibited by 
too high or too low intensity of some factor. 

It is well known to mycologists and plant pathologists that 
tliough there is little dilficulty in growing nxost fungi in pure culture, 
the production of reproductive organs by fungi under these conditions 
is quite another matter. Anything which will enable one to control 
the reproductive processes of such fungi is thus not only of great 
physiological interest, but of ctmsiderable practical importance in 
plant pathology. Refereiu^e may thus be made in this article to a 
valuable paper— not of most recent date, but very generally over- 
looked — by G. H. Coons on the factt»rs involved in the growth and 
pycnidium formation of Plenodomits fmcomaculaiis (‘' Jouru. Agric. 
Research,'* V, 713-769, 1916), in which the relation of growth and 
reproduction to external conditions is very carefully studied. The 
fungus in question is one of the Sphaerop-sidace**© and is parasitic on 
the apple. 

It was found that in agreement with the dictum of Klebs there 
w'as a wider range of conditions suitable for growth than for repro- 
duction. A small amount of growth will take place in conductivity 
water (sp. cond. 2 x 10*) in vessels of resistance glass. 8uch a 
growth is certainly very surprising. The number of spores used for 
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inoculation was not more than fifty, so the growth observed could 
not be explained by transference of organic material from the spores. 
The salts required for development under these conditions, and in 
ordinary distilled water, were no doubt obtained from the glass, 
but the source of nitrogen, and especially of carbon, is obscme ; there 
is the possibility, first suggested by Elfving, that volatile substances 
may be absorbed from the laboratory air. It is interesting to note 
that while in conductivity water there was a just perceptible growth, 
in ordinary distilled water the growth was not only l)etter, but a few 
pycnidia were actually produced. Under the conditions of experiment 
conductivity water is the lower limit for gi owth, but “ distilled water ” 
the limit for reproduction. As Coons points out, the sensitiveness tc» 
extremely small quantities of salts renders the problem of deter- 
mining the necessary elements fi)r this fungus almost insoluble with 
our present technique. 

Up to a certain limit, possibly up to M-50, increase in 'concen- 
tration of the food supply increases reproduction ; after that point 
increase of food supply retards and finally inhibits reproduction. 
'Die organism was found to be sensitive to the reaction of the medium, 
and the different effect <if different media was largely due to the 
reaction of medium not only at the start, but in later stages of growth. 
Many media, while having a favourable reac^tion at start, showed an 
unfavourable reaction later, with corresponding checking of growth. 
It was found that while growth can take place between the acid and 
alkali limits of -f 30 and - 10 to phenolphthalein, yet reproduction 
is stopped by a reaction only slightly on the acid side of neutrality. 
Maize broth is a much better substratum than oat broth, but if the 
latter be acidified with an acid phosphate, or even hydrochloric acid, 
it Ijecomes almost as good a medium as maize. The various labor- 
atory media are rightly condemned as “ rather purposeless, clumsy 
devices in which this organism is overfed.” Progress can only be 
made by the use of synthetic media, and a large number of experi- 
ments were made with a medium containing in various proportions 
potassium dihydrogen phosphate, magnesium sulphate, maltose and 
asparagin. A solution containing these four substances in concen- 
trations of M-lUO, M-600, M-100, M-600, respectively, was found 



tLANt GROWTH AND REPRODUCTION 


65l 


to be an almost ideal culture medium for the growth and reproduc- 
tion of this fungus ; the pycnidiuni production was far higher than 
in any other medium. In this synthetic medium the inhibition of 
reproduction as a result of increasing or decreasing the carbohydrate 
or asparagin was very marked. 

Light was found to be essential for reproduction though not 
for growth. The light need not be continuous, for a short exposure 
to strong diffuse light of cultures w'hich are ready to produce pycnidia 
will allow, for a time, the production of these bodies in the dark. 
Abundant aeration was found to be essential, while transpiration 
was found to be a factor of only secondary importance. 

The extremely interesting and important obser\ation was 
made that tlie stimulus of light could be replaced by a few drops of 
hydrogen peroxide. This observation was extended, and it Vas shown 
that a numl)er of other oxidizing agents, such as nitric acid, potas- 
sium permanganate, ferric chloride, would produce the same effect 
and cause the production of pycnidia in the dark. The view is put 
forward that among the parts of an organism there exi.sts a strong 
com^ietition for oxygen, and that under conditions which favtmr 
growth the available oxygen is all used for ordinary metabolic 
proce8.se8. If the fowl supply is reduced, as by transfer to media 
of lower concentrations or to distilled water, a “ hunger-state ” 
sets in and ordinary respiration is lowered. If the organism is now 
stimulated by light or by some oxidizing agent, oxidation of the 
richer cell nwterials, such as fat and protein, sets in, and a large 
amount of energy is set free. “ This energy is used in re-shaping 
the reserve stuffs into coniplex protein bodies, the spores.”— By 
Prof. V. H. Blackman, Sc.D., F.R.8., Imperial College of likience 
and Technology, London (Plant Physiology Conunittee), in 
“ Science Progress.” 



SEEDLING SUGAHCANES * 


In his presidential address to the Royal Agricultural and Com- 
mercial Society of British Guiana, Professor J. B. Harrison, C.M.G., 
M.A., discussed the general outlook as regards seedling sugarcanes, 
with especial reference to their stability, and the manner in which 
their production is best undertaken. These renxarks, embodying as 
they do the experience of one of the principal workers in this field of 
enquiry, extending over the whole period since the simultaneous 
discovery in the West Indies and in Java of the seminal fertility 
of the sugarcane, carry very great weight ; they are accordingly 
here reproduced in order to extend the publicity given to them. 
Professor Harrison said : - 

“ In 1897 investigators generally were of the opinion that once 
a new variety of sugarcane was produced, that after its first period of 
excessive vegetative vigour had passed, its characteristics were fixed 
for all tinie. Soon after the cultivation of the new varieties had l>een 
extended over large areas, it l)ecame painfully evident to the majority 
of planters that their characteristics are not fixed, and that in many 
instances, characteristics which in the earlier years promised to 
make a variety of sugarcane of high value both in field and factory, 
were the first to fail. This tendency towards senile degeneration 
renders it necessary to raise new varieties of seedling canes year 
after year, in the hope of having fairly good varieties available to 
replace others which may gradually fail. 

“ Experience has proved to us that it is very easy indeed to raise 
new varieties of sugarcanes which are of high promise as plant 
canes. It has further proved tons that it is relatively difficult to 
obtain sugarcanes capable of producing good crops as plant canes 
and as first ratoons ; and that it is exceedingly difficult to produce 

* Heprinted from Agricultural News, dated 2Ut September, 1918. 
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varieties which can be relied on to give satisfactf)ry crops of plan') 
canes, first, second, and third ratoons. Few indeed of the enormous 
mnnl)ers of new varieties whicli are now raised each year in various 
parts of the tropics will do this, and the problem of getting good 
varieties for cultivation under the long-ratooning systenr necessi- 
tated here by our deficient labour-supply and dependence on hand, 
instead of on mechanical, cultivation, becomes an exceedingly difficult 
one. Elsewhere, with the exception of .Cuba, sugarcanes are as a 
rule only cultivated as plants, or as plants and first ratoons. Hence 
as the best varieties raised in Barbados, Java, and Hawaii have 
l)een chosen for their suitability for short ratooning periods, it is 
rarely that a sugarcane suitable for our long-ratooning conditions 
can be imported from elsew'here. 

“ The most successful method we have tried here for raising 
new varieties of sugarcane of promise is based on the facts that a 
sugarcane for successful cultivation on our heavy clay soils must 
l)e of well-marked vegetative vigour, and that whilst the range oi 
variation in the saccharine-content of seedling sugarcanes is very 
great, its relative sugar-content is a fairly fixed characteristic of any 
variety. We endeavour to raise as naany seedlings as we can from 
varieties of proved vegetative vigour, and select from then\ those 
haviirg both well-marked vegetative vigour and relatively high 
saccharine-content. By this method we raised from D.625 the 
seedlings D.I18 and D.419, the areas under which have increased 
from 2 acres and 1 acre, respectively, for the crop of 1 91 1-12, to 2,7 10 
and 1,360 acres, respectively, for this year’s reaping. 

“ We have been advised time after time to give up our proven 
methods and to confine our efforts towards raising canes by cross- 
fertilization. If we had ui this colony sugarcanes of single parentage 
showing fixed characters and, through their piirity of origin, having 
little or no tendency to mutation or sporting, that advice would be 
excellent. In India, and to a less extent in Java, sugarcane varieties 
of high purity of strain exist ; and with these it is possible that by 
the application of Mendelian principles in raising seedlings, iiew 
varieties of high value may be obtained. Up to the present, hCwever, 
this has not taken place. 
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“ At the inception of the sugarcane breeding work here, Jenman 
was enthusiastic over the possibilities of raising new -varieties of 
high promise by controlled methods of cross-fertilization, but in 
1892-93 our hopes in that direction received a severe shock. Using 
a variety of sugarcane, the Kara-kara-wa cane, wliich our experience 
in three preceding years had shown to produce seedling canes having 
usually somewhat close resemblance to the parent variety, and 
placing it under conditions by which it was impossible for its arrow 
or flowering shoot to be either cross-fertilized by any other variety, 
or fertilized by any other flower shoot of its own kind, we got seedling 
canes from the one arrow of 267 different sorts. The parent cane 
in its own seedling stage was hence possibly derived from fourteen 
diverse ancestral strains. 

“ Supposing, for example, that we take two kinds of sugan-ane, 
one, X, having as ancestral kinds the varieties A,B,C,D,E and F, 
and the other, Y, derived from its ancestors A,B,G,’H,I and J, it is 
evident that 406 different combinations can arise from the 
interbreeding of the two kinds, instead of a single blend or cross, 
Xx Y. 

" By Mendelian .segregation, the inheritable properties of this 
diverse progeny will fall into three groups. We do not know which 
properties are inherited ; but assuming that the general character- 
istics as a whole are heritable, the segregation of the seedlings from 
the cross X and Y may give rise in the first generation to 1,218 
groups of varieties. 

“ Now either X or Y, by interbreeding with its own kind, could 
produce only 15x3 groups or forty-five general strains of sugarcanes. 
The complexity introduced by the cro.ss-fertilization of existent 
complex hybrids is well illustrated by this example. 

“ Up to 1902 we had not made any systematic attempt at raising 
canes of controlled parentage. We now do it as a matter of regular 
routine —not with any idea of getting seedlings having definite and 
desired characteristics, but as a means of greatly widening the range 
of their variation. We have complete proof of the success of the 
method in this line. Unfortunately, there is no chance in British 
Guiana of controlled cross-fertilization of the sugarcane proving 
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a short and certain way to success in the production of new varieties 
of high saccharine value. 

“ Probably a more disappointing investigation has never been 
pursued than has been the search for improved varieties of sugar- 
cane. There are now many stations at work at it in the tropics and 
sub-tropics, their results appear to be very similar, in the earlier 
years, working with natural varieties of sugarcane, several kinds of 
high promise are almost invariably obtained ; in later years, when the 
mass of material for parental purposes has rapidly and enormously 
increased, the production of really g(K)d varieties appears to become 
increasingly difficult, and results satisfactory to both investigator 
and planter tend to lie few and far lietween. It looks as though the 
good results arose from the unravelling of the complex ancestry of 
the natural varieties, whilst similar results from the retangling of the 
new strains thus obtained are. comparatively rare, and are very 
elusive.” 

Those who are interested in the introduction of new seedling 
canes into their fields will, doubtless, in the light of these remarks, 
carefully consider the results which they are obtaining from their 
efforts. It will be observed that, in Professor Harrison’s view, the 
work of finding promising seedlings is much more difficult when it 
is required to have canes that will ratoon well ; when plant canes 
only are grown, the problem is relatively simple. 

The question of the stability of seedling canes propagated by 
cuttings has long been under investigation. Some have held that 
these canes would prove stable, and indeed in the early days of the 
work this was the commonly accepted view : now, however, many 
are doubting this, and Professor Harrison appears to be amongst 
those who are convinced of the tendency towards early senile degener- 
acy on the part of these seedlings. It is observed that, in some 
districts where sugarcane is cultivated, there is a tendency to sub- 
stitute one new seedling after another in the hope of obtaining ever- 
increasing 3ddds. Where adequate records exist, it would be well 
to exanune th<aMi carefully, in order to see whether the newly intro- 
duced varieties retain their productiveness in full degree, or whether 
they fall off, so that the substitution of successive new varieties merely 
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serves to maintain the sugar production at a high level, but does 
not tend to raise that level to the extent that is hoped and desired. 
Now that it is the commonly acc-epted practice on the majority of 
West Indian sugar estates to weigh the canes which are delivered 
to the large factories, and seeing that in the factories (continuous 
analyses are made of the juice obtained from these canes, there should 
be in existence some data whereby it may be possible to learn some- 
thing definite concerning the stability or otherwise of seedling canes 
during the years subse(juent to their introduction into cultivation 
on a large scale. 

Still the fact remains that the continued production of new 
seedling canes is a matter of moment for the sugar industry. This 
work affords n\oans (d combating many of the forms of fungus disease 
to which sugarcanes are liable, and it also affords the means of main- 
taining the level of production, even if it does not tend to raise that 
level so rapidly as was at one time hoped might be the ca.se. It is 
therefore work essential for the well-being and development of the 
industry, and should be carried on continuouslv. 



THE CONSERVATION OF OUR CEREAL RESERVES .♦ 


The dangers to which grain stored under ordinary conditions is 
exposed may be classified under lour heads : — (1) the attacks of 
rats and mice, (2) those of insects and mites, (3) those of moulds 
and bacteria, and (4) the process known as heating.” The amount 
of damage due to rats and mice is, no doubt, enormous, V)ut might 
be avoided by any rational system of storage, and is a matter for 
legislation rather than for scientific* investigation. The chief insect 
peats in this country are the two grain-weevils, Calandra granarm 
and C. oryzcB, while in India two other beetles, RhizopertJi^ dominico> 
and Trogodermu Tchapra^ are also responsible for much direct injury. 
Experiments on the rate of multiplication of the weevils show that 
at suitable temperatures they breed all the year round, but in this 
country normally only iu the warmer months. At about 28 C. a 
single pair of rice-weevils increased about seven-hundredfold in four 
months. The accumulated excrement of the weevils attracts 
moisture and promotes dexjomposition, accompanied by the evolution 
of large quantities of ammonia, and in this way the destruction 
commenced by the ravages of the insects is completed. The process 
of heating is the result of enzymic action in the wheat itself, some- 
times inaccurately spoken of as respiration, though fermentation 
would be a better term, which increases with rise of temperature 
(up to about 56T.) and moisture content (Baily and Gurjar). In 
the eyes of the trade, heating appears to be a much more serious 
danger than weevilling* It is at present avoided by abundant 
ventilation^ the grain being turned over as soon as the temperature 
becomes dangerously high, so as to cool it and carry off moisture. 


♦ Abstmot of a leoture deUvwed at King’s OoUege, London, on March 12, imder the 
anipipos of the Imperial Studies Oommittoe of the University of London, by Prof. Artiior 
FJLSt, «e|Mrinted from datiKl SOlh Hvroh, 1919. 

( ) 


iO 



0r>8 AdRICULTimAL JOURNAL OF INDIA [XIV, IV. 

As an eflectual mean^of preventing damage from all these 
sources, air-tight storage should be resorted to. Unfortunately, 
however, considerable doubt has been thrown on the efficacy of this 
ancient method by a widespread belief in the ability of weevils to 
withstand such treatment. This belief rests entirely upon inac- 
curate observations. Thus w'e find that tins which are supposed to be 
hermetically sealed, and look perfectly sound, arc often leaky, as can 
easily be shown by placing them in hot water, when air bubbles out. 
Numerous experiments made at King’s College by the lecturer and 
his colleague, Mr. H. U. Elkington, who is res])onsible more especially 
for the chemical analyses, prove conclusi\'ely that all insects ])resent 
are more or loss rapidly destroyed w'hen w'(^evilly wheat is sealed up 
in air-tight receptacles which it nearly fills. This method of treat- 
ment destroys the weevils in all their stages, and is also fatal at any 
rate to adult mites. TJie same treatment also pievents the growth 
of moulds and the proc-ess r»f heating. Two Jtewar flasks, filled 
with grain having a moisture ('ontent of 20'7 per cent., were incu- 
bated at about 28°C. One was merely plugged with cotk)n-wool and 
the other heimetically sealed. In the former the temiierature 
gradually rose to 49'4®(’., while in the latter it remained almost 
stationarv. The life <jf insec ts and moulds and the process of heating 
alike depend upon the supply of oxygen, and where this is cut off, 
no damage from these .sources need be feared. 

It has been demonstrated experimentally, not only that weevils 
require an al)undant supply of oxygen, but also that carbon dioxide, 
if present in sufficient (quantity, has a direc tly poisonous action upon 
them. In pure, moist carbon dioxide they become motionless in 
three minutes, and can remain in this condition for as much as four 
days (at room temperatm-e) without losing the power of recovery. 
A mixture of carbon dioxide with 20 per cent, of oxygen is far more 
fatal than pure carbon dioxide. This is probably because, in the 
absence of oxygen, their metabolism is more or less completely sus- 
pended, so that the carbon dioxide is unable to exercise its poisonous 
effect. In a mixture of 66*4 per cent, nitrogen, 20*36 per cent, 
oxygen, and 23‘22.per cent, carbon dioxide weevils became motionless 
in forty-three hours (at about 30*C.), and after iiinety-<me booiB* 
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exposure, though 19'09 per cent, of oxygen still remained, none 
revived when supplied with ordinary air. 

When wheat is sealed up in a normal temperature, carbon dioxide 
accumulates naturally owing to the so-called respiration of the grain, 
the rate of accumulation depending upon temperature and moisture 
conditions. At ordinary room temperature (July to October) in 
three months 3(X) grammes of English wheat, having a natural moisture 
content of ]5'9 per cent., gave off 58'6 milligrams of carbon dioxide, 
Hullicient to raise the percenttige of that gas in the air in the recep- 
tacle (which was nearly filled with wheat) to 18‘13. If insects be 
also present, the carbon dioxide acc-umulates more rapidly owing 
to the large amount w-hhii they themselves give off. It thus appears 
that in hermetically sealed granaries completely filled with grain there 
should be no need for any artificial addition of carbon dioxide such 
as has sometimes been recjoinmended, and indeed, actually made, 
for the ])urpose of destroying weevils. Under proper conditions, 
which ought to be experimentally determined on a large scale, the 
grain must Icecome self -protective as regards wecAilling, mildew, and 
heating, to say nothing of rats a»id mice. Any damage which might 
arise while the carbon dioxide was accumulating would probably 
be negligible. 

The construction of air-tight granaries or silos is a problem for the 
engineer, but there seenvs to be no insuperable difficulty in the way. 
If such granaries existed in the large wheat-growing countries, the 
grain might be completely sterilized as regards insect-life by storing for 
a suitable period before shipment, and the very serious weevilling 
wdiich often takes place on board ship might be avoided. Moreover, 
it would be possible to equalize shipments all the year round and 
avoid the nish to get the grain away after harvest. Air-tight storage 
would also, in all probability, afiord by far the best means of main- 
taining reserves of grain to meet emergencies such as war and failure 
of crops. 

Further details have been, and will be, published in the reports 
of the Grain Pests (War) Committee of the" Royal Society, under 
the auspioes^of which these investigatioiB have been carried out. 
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BY 

IIAltVEY V. BRILI., 

Chwf, Divix inn of Orgauir Chemixlni, Jiiimin of Science, Manila, P. I ■ 

The scriptural assertum that “ man lives not hy bread alone 
has more than one meaning. Olum^ists are adding new shades of 
meaning to it daily through their investigations of the conditions 
of growth, ripening and vital processes of plants, and their study 
of the nutrition processes of man and other animals. The simple syn- 
thetic food-tablet, which Avas to carry the necessary food elements — 
protein, fat and carbohydrates- — in the relative ])i'o])oj’tionH demanded 
by the human body for its growth and develoy)ment and the per- 
fonmnee of its daily duties, now appears to be the dream of a pseudo- 
scientist. The process of assimilating our daily bread is a much more 
complex process than Avas once l>elieved, and the perfect food of 
the future Avill hardly be prepared in tablet form. Scientists are 
beginning to investigate this phase of chemistry and nutrition, and 
Ave find such maladies as beiiberi, scurvy, an?1 pellagra lieing attri- 
buted to the consumption of a diet deficient in some particular 
ingredient which has heretofore esi^aped our notice because of the 
cnide methods used in the examinations of these fotxls. Doubtless 
other dread diseases AA'ill be found to arise from similar causes or can 
be controlled by the use of proper food-stufis. 

An interesting part of this field of chemistry, called biological 
chemistry, pertains to the study of the enzymes and their properties. 
Much is known regarding enzymes, but much is still to be discovered 
regarding their functions in the plant’s groAAdh and their effect on 
assimilation processes when taken into the human body along with 

* Eeprinted from Tropieal Lift, vol. XIV, no, 4. 
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food. Owing to tho uncertainty as to the purity of the separated 
enzyme, and the impossibility (»f determining any changes Avhicli 
have taken place in its composition duiing oiir attemyrts to isolate 
it, the stuclv is verv difficult. Thus in manv cases we caimot sav, 
when we have finished our study, whether we are dealing with 
but one compound or several compounds which have defied our 
attempts at sey^aration ; whether we have the comy)oun<l with which 
we started, <jr one tormed by a decomposition f)f the original one 
due to our attempts at purificatitan 8o one learns that tlie term 
enzyme is rather general even from this poin.t ol view, and when 
lie considers the newness of the subject he can readily realize that 
many discrepancies have creyit in due t<‘ faulty yirocediire on the 
part of the investigators. 

i^ane of the foods we are accustomeil to having served on the 
table uncooked contain enzymes of various kinds and in different 
cyiiantities. An interesting speculation is : what influence do these 
have on the assimilation of the meal at which they are eaten ? I 
shall confine this discussion to a consideration of some <.if the plants 
grown in the 'Propics. For example, ChittendeiA has investigated 
the pineayiyile and studied the proteolytic enzyme yu'csent in it. He 
called this enzyme bromelin, from the name of the family to wJiicb 
the pineayijile belongs. Bromelin is rather resistant to heat, its 
activity is not destroyed by heating to 70° C\, it digests egg albumen 
and blood fibrin, forming the same products as are formed by the 
action of trypsin. A rennet-like ferment is assiHualed with bromelin. 
Instead of ynirchasing yieyisin, which in many cases is worthless 
because of faulty yireparation, it would be more yuofi table and agree- 
able to yiurchase yiineapples. 

Many persons are acquainted with the proteolytic enzyme 
which comes from the pawpaw and papaya,* and which is sold under 
the caption, papain. 'I'hose who have never eaten the papaya fruit 
are unfortunate. It has all the virtues of the drug, and besides is a 
delicious fruit. Probably the proportion of worthless papain on 
the market is even greater than that of yiepsin, since the former 

1 Journal of Phy9iology (IBM), XV, p. 249 ; and CJaldwell, Bos. Oaz. (1005), XXXlX, p. 407, 

^ Pratts D. 8. Philippine Journal of Science^ Seo. A (1915), X, p. 1. 
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is very largely prepared by men who do not understand the necessity 
of precaution in drying and packing. Then, too, the pharmaceutical 
supply houses demand a light-coloured product, basing their 
valuation partly on this property, and this leatls to the preparation 
of an inactive product or the adulteration of the active siiljstance, 
or both. The drying temperature must not be high if the papain 
is to retain its digestive activity, but since prolonged drying causes 
a darkened product much papain is dried at a liigh temperature in 
order to avoid a change in colour, and is therefore absolutely worth- 
less. If the product is dried properly and is darkened in the process, 
the producer often resort to adulterating it with starch to lighten th<} 
colour. It is apparent that the buyers should modify their standards, 
and should purchase papain on the basis of its physiological activity. 
Papain is considered by Eulcr^ to be identical with, or at least to 
resemble, bromelin very closelvv 

The banana has recently been thoroughly investigated by Ihiilcy'-* 
for enzymes. This fruit is rich in ferments, giying evidcuice of tlie 
jn’esence of a diastase, an invertase, a protease of the crepsin t}'pe, 
a lipase, while a peroxidase was found at all tJic stages of ripcneiis 
investigated. Thus the banaiui carries with it enzymes which 
influence the digestion of starch, sugar, proteins, and fats. In other 
words, the digestion of your cej-eal, the sugar which sweetens }'uur 
cereal and yoiu coffee, the protein of yonr egg, bacon and milk, and 
the fat of your egg, bacon and milk is added by the seemingly simple 
banana you have eaten for yom breakfast. 

The mango, another popular fruit of the Tropics, contains a 
proteolytic enzyme wliich has properties similar to those of bromelin. 
This investigation is just started by the Bureau of Science, conse- 
quently nothing further can be given regarding the identity of this 
protease with bromelin. But this brief survey of the prominent 
fruits of the Tropics, the pineapple, papaya, banana, and mango, 
convinces one that these fruits have a value other than that of nutri- 
tion, in that they aid in the digestion of other foods. 


^ Euler. “ Pope-General Chemistry of the Enzymee.” Johnl Wiley and Sous, New Verk 
(IW2), p. 39. 

* JoviT*. Amtr. Ohem. Soe. (1912), XXXIV, p. I 700 , 
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CoiiBidera})le difierciiccs of opinion, prevail among investigators 
in regard to the presence of a lipase in coconuts. 1 )e Kruff*^ and 
Liimia* report its presence in the germinating meat ; Walker® of 
the Philippine Bureau of (Science, on the other hand, was unable to 
establish its presence, lieming* believes that the lipase e.xists as 
a zymogen in the coconut Aviiich is activated by tlie addition of 
acids, as reported by Glreen® for the lipase existing in ricinus. If 
such an enzyme exists in ctjc^onut meat, it is not destroyed by 
heating, since meat that has been boiled for some time shows a 
similar increase in the acidity when tlie sample is incubated, as is 
shown by the uncooked meat. This contradicts the general l)elief 
regarding the destruction of enzymes l)y heating in the presence of 
moisture. However, t^ohngen* has reported a lipase which he 
claims is not destroyed l»y fifteen minutes’ boiling. One of the 
problems involved in the making of coconut oil and the drying of 
copra is the prevention of rancidity. Oils which have become 
rancid arc ditUcult to nrake sweet, and Walker’ states that these 
oils, after purification, again bec'ome rancid more readily than does 
the virgin oil. He has likewise demonstrated that moisture and 
o.xygen are necessary for the development of rancidity. Lipase 
alone does not prfkluce rancidity, since rancidity and acidity of 
oils are not synotiymous, and li]>ase jirodiices only the latter. The 
Bureau of !:kience has examined oils with high acid x^alues, the 
rancidity of which was less than the rancidity of oils with a much 
smaller acid value. 

While the rancidity of coconut oil cannot be attributed to the 
action of lipase, yet this enzyme splits the esters into glycerol and 
the constituent acids, and thus renders them in a condition to be 
more readily acted upon by any other agency. I believe two of 


^ BvU, de Bepl. de V Agric. aux Indts-I^eer (1900), IV, p. 8. 

* Statx, Sperin. Agrar. Ital. (1898), XXXI, p. 397. 

« FhU. Joum. 8cu, Soo. A (1908), m. p. 111. 

* Phd. Agric. and For, (1914), pp. 3-33. 

® Green. The Soluble Fermente and Fermentatt n/' 2nd edition (1901), p. 244. (Cam- 
bridge Univmity Presa.) 

« Chem. (1911), VXll, p. 580. 

V Loo, 
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such agencies to be oxidase and peroxidase present in the meat. 
The action of these enzymes produces acid decomposition products, 
and these would give the rancid property to oils. It must be 
remembered that air and moisture are recessary to the production 
of rancidity in coconut oil, and that, even though the original oxidase 
and peroxidase have been destroyed by heating, any air allowed 
access to the oils carries with it mould spores. Impure oils will 
support mould growth. l)ox^ has demonstrated that these moulds 
produce all of the enzymes regardless of the character of the 
substrase, and in this manner rancidity might increase. Then, too, 
copra which has become extremely mouldy yields a more rancid oil* 
than clean, well-dried copra. This laboratory* has found that 
oils which have stood in closed bottles for periods of several months 
give tests for oxidases and peroxidases. That rancidity may be 
partly due, or in some eases initiated, by the action of oxidases 
and peroxidases is a plausible speculation. 

One of the difficulties encountered in the investigation conducted 
by the Bureau of (Science on the conunercial possibility of making 
sugar from the juice of the nipa palm was due to the presence 
of a zymogen,^ which, under atmospheric influence, causes the 
separation of white, flocculent invertase. The latter rapidly attacks 
the sucrose present. Invertase action could be inhibited by liming 
the receptacles for holding the juice, but even then the sugar content 
gradually decreased. A careful series of experiments proved that 
some enzyme capable of destroying both sucrose and invert sugar 
is present in the juice of the nipa palm. It was found that the 
nipa palm does elaborate a very active enzyme of the peroxidase 
type. The decreasing alkalinity indicated the formation of acid- 
decomposition products that combined with the lime, and eventually 
rendered the juice acid and reactivated the invertase. An interesting 
phase of this investigation was the discovery that only the shorter 
stalks, or those which have been tapped longest, elaborate this 

1 Plant WorU (1912), XV, p. 40. 

2 The Bareau of Science is now investigating this phase of the rancidity of oRs. 

^ Notes of an unpublished investigation now in progress. 

‘ Gibbs. PM. Journ. 8ci., See. A (1911), VI, p. 99. Pratt et al., ibii., Sec. A (1918), Vllt, 
p. 377. 
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peroxidase. This enzyme is readily destroyed by the addition of 
small amounts of sulphite to the lime cream used for coating the 
receptacles, and makes possible the commercial utilization of 
nipa juice for the preparation of sugar. The use of nipa juice for 
the manufacture of sugar gives another possible industry to the 
Tropics. 

Enzyme action undoubtedly plays an important part in the 
curing of tobacco. Oosthuizen and Shedd^ found invertase, diastase, 
emulsin and reductase present in appreciable amounts in the seed 
and leaf at all stages of growth, and also in the cured material. 
Lipase, inulase and a proteolytic enzyme were found in small anxounts, 
while oxidases were found to decrease from the topping stage to 
maturity. It is absent in the cured leaf. Protein decreases, while 
amino-compound sinudtaneously appear and increase ; the starch 
is converted to sugar, and the sugar later disappears. 

Growers of tobacco have learned from experience that certain 
methods of curing and handling are necessary to obtain good results. 
For example, in wilting the plant preparatory to placing it in the 
shed, too high a temperature must be avoided. Such a temperature 
destroys the efficacy of the enzymes and produces certain other 
deleterious effects. The phenomenon known as sweating, which 
takes place when tobacco is packed in bulk in moist air, is a result 
of enzyme activity and deserves more study from the bio- chemical 
standpoint, in order that the conditions may be more intelligently 
controlled. 

T have found that cacao contains casease, protease, oxidase, 
raffinase, invertase and diastase during the various stages through 
which it passes in fermentation,* and believe that the product 
obtained from this fermentation is largely a result of the activity 
of these enzymes. Recently I have been able to demonstrate the 
presence of an emulsin in cacao which hydrolyses amygdalin.* I am 
satisfied that the organoleptic properties of fermented cacao are 
superior to those of the unfermented cacao made in this laboratory. 

> Jo*m. Am. OJtom. aoo. (1913). XXXV, p. 1289. 

• BriU. PhU. Joum. 8ci., Sec. A (1916). X, p. 123. 

> Uii|»ubUsli«d mvettigalioiie 
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Since these properties depend largely upon changes in the 
physical condition of certain constituents of the beaus, on chemical 
changes which can be detected chemically only by very tedious 
operations, if at all, and upon the production of minute quantities 
of new compounds, their presence cannot be well demonstrated by 
chemical analyses. These differences in the quality of cacao are best 
recognized by an examination of its organoleptic j)roperties. 

The Bureau of Science has in progress an investigation on the 
seeds of the plants belonging to the family to Avliich chaulmoogra 
belongs. These plants contain a cyanogeiictic glucoside> in the seeds 
and other parts which is readily hydrolysed by emulsin, setting free 
hydrocyanic acid. A hydrolysing enzyme accompanies this glucoside 
in the plant, consequently when the seeds are bruised the glucoside is 
hydrolysed, and hydrocyanic acid escapes. The function of these 
constituents of the above-named plants is not definitely known, 
though various theories are held. Perhaps the most phuisible theor}' 
is that the free hydrocyanic acid acts as an antiseptic agent Avhen the 
plant is bruised, thus preventing further injury to the plant from 
bacterial action or fungus growth, but it is possible that this same 
factor has an influence on the efficacy of the chaulmoogra oil used 
in the treatment of leprosy. It is well known to those administering 
chaulmoogra oil to lepers that only the crude oil has any effect. This 
effect may possibly be due to the presence of the cyanogenetic 
glucoside in the oil, either alone or associated with the ferment 
and free hydrocyanic acid. This is <nie phast; of the problem of the 
treatment by means of chaulmoogra oil that the Bureau of Science 
is at present investigating. 

The rolling of tea breaks the cell walls of the leaves and releases 
the ferments. This process, “ oxidation process,” or “ fermenting,” 
Bamber* says, “ is perhaps the most important in the whole manu- 
facture, as both the quality and appearance of tea depend largely 
on the process being properly carried out.” 

‘ Power, et al. Joarn. Chtm. Sae. (1904), LXXXV, p. 838; ibid. (1900), LXXXVII, 
p. 884. De Jong. JReeueil des Travaux dtimitiuaa des Payg-Baa et de la Belgique (1909), 
XXVni, p 25 ; ibid. (1911), XXX, p. 220. 

* " Tea ColtriTation in Ceylun.’’ C!olombo : A. M. and J. Ferguaon (1894), p. 39. 
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Coftee undoubtedly undergoes fermentation in both the dry 
and wet prot^csscs. An investigation of the nature of these fermen- 
tations should be made in order that the changes taking place may 
be tinderstood. Control of these changes would undoubtedly result 
in a better quality of coffceA 

It Ls generally conceded* that the darkening of rubber is due to 
the action of an oxidase. Its action can be prevented by heating 
the rubber and thus destroying the enzyme, or by keeping the rubber 
from coming in contact with the air when being coagulated. Wlien 
interviewed l)y the Times of Ceyhm, Bambet® said ; “It is advisable 
to ensure the destruction of the enzyme which occurs in the latex, 
ti>gether with certuui organic products, which darken on expsosure 
to the air. The enzyme has an effect very similar to the enzyme 
in tea.” 'Phe nutter of enz.ymes and their effect on rubber, the use 
of inhibiting agents, etc., deserve further investigation. 

In tlie article ('ited above, Armstrong is quoted as saying that 
no adequate sum of m')uey has ever been appropriated for the investi- 
gation of rubljer in the field. Such a state of affairs should IjC 
remedied without delay. 

In conclusion, I wish to note that moulds elaborate all the 
kiujwji enzymes, ami in ininy cases have considerable influence 
because of this property. Dox* has demonstrated the presence 
in mmilds of protease, nuclease, amidase, lipase, emulsin, amylase, 
inulase, rafUnase, sucrase, maltase, lactase, histozyme, catalase, 
and phytase, and has sho^^'u that these are formed regardless of the 
nature c»f the substrase. That the character of the substance has 
no influence on the type of enzyme formed is another evidence of 
the prodigal character of Nature and her preparetlness for any 
emergency. This discovery throws light on the manner in which 
moulds do their works. The study of enzymes aixd their influence 
is just begun. We can look forward to many new and important 
discoveries in this field and more extensive generalizations. 

^ See ako wliat is said in our book, Tbo Fermentation of Cacao/* Tropical Life 
Publishing Department, price ICk, net. 

* Eaton, B. J. " The Prepaimtion of Plantation Para Rubber,” Department of Agri- 
culture, Federated Malay States (1912), Bulletin 17, 

» Ttopioal Iiife (1908), IV, p. 123. 




MOTOR TRACTOR TRIAL AND DEMONSTRATION. 


At the Pusa Farm, on Friday, 30th May, 1919, a trial and demon- 
stration of the capabilities of the Fordson Motor Tractor was given 
by the Offg. Imperial Agriculturist, Mr. Wynne Bayer. The tractor 
was worked with a heavy two-furrow Ransom disc plough, a Ransom’s 
spring tine cultivator, a Cambridge roller and a rake of three S.T. 
harrows. The trial was watched with great interest by a large crowd of 
planters, zemindars and officials. At the conclusion of the work on 
the land, the tractor was run up to the farm buildings and used to 
drive a Climax silage cutter. The greatest interest was evinced 
in the work done, as this is the first tractor of its type to be used in 
India. Experiments will now be started on the farm to determine 
working costs, etc. An account of the trial, with photographs, 
will appear in the next number of this Jourml. 

AN ATTACK OP NBPHANTIS SERINOPA ON COCONUT PALM 

IN TRAVANCORE. 

The attack of NepkitUis serinopa on coconut palms in the 
Quilon town and the adjacent areas in Travancore was reported 
towards the end of May, 1918. On inquiry, it was found 
that the outbreak of this pest commenced nearly one year ago 
on a few palms in a churchyard, and that in the course of a year it 
attacked more than 9,000 palms. 

Some raiyats thought that the drying of the leaves was due to 
the influence of small-pox, which was prevalent in a virulent form at 
that time ; while others believed that it was due to the effect of smoke 
emanating from the tile factories of Quilon. The affected trees 
looked faded as if they suffered from the effect of severe drouj^t, 
and the leaves, especially the matured ones, dried up. In extreme 
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cases the palms died of the attack. In ordinary cases, the health as 
well as the yielding capacity of the palms was considerably reduced, 
and such palms took more than a year to regain their normal 
condition. 

The insect completes its life-history on the foodplant itself. 
The eggs are found on the damaged leaves. The larva is not an open 
eater. It makes a gallery of silken and excrettientitious matter 
on the lower surface of the pinna) m such a way that one would be 
tempted to think that the larva is a leal roller. That the damage 
(lone by Nepliantifi serinopa differs very much from that of the Lima- 
codid larva, the attack of which on coconut palm was recorded 
towards the (ommencement of the year 1914, is deai fiomthe tact 
that the latter eats aw'ay ojienly the leaf blade, leaving onlv the 
midrib of the pimue ; whereas the NephanUs serinopa makes a gallery 
on the under-surface of the leaf and eats away only the green tissue 
ol the leaf blade from within the gallery. 

The full-grown larva measures a little more than 20 nun. in 
length. Pupation takes place on the damaged leaves of the food- 
plant. The larva can lie seen throughout the year. The moth is 
attracted to light, but nor so readily as Sclioenobius bipundifer. 

The pest is new to Travancore. Spraying with contact and 
stomach poisons was done on young trees with some success. The 
process of cuttuig and burning the affected leaves Iras a decided 
eflect in keeping the pest under check. This was recommended 
to the raiyats and they adopted it with success. More than 3,888 
trees w^ere treated, and nearly 24,248 leaves w'ere cut and burned. 
When the raiyats w'ere fully convinced of the efficacy of this treat- 
ment, they themselves carried out the work without much external 
pressure and the pest was completely brought under control. — 
[R. Madhvan Pillai.] 

« 

* • 

PBRBMMIAL lORAOE SHRUBS. 

In a previous number of this JournaP appeared a short account 
of the trials of exotic drought-resisting plants in India from the pen 


Til AarMtaral (Awmol tttniUi, to), n. part II. 1007, 
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of Mr. (now Sir) Frank G. Sly in which he deprecated any further 
extensive trials of exotic plants except perhaps in arid tracts, such 
as Sind, Rajputana and the Western Punjab. The following note is, 
however, reproduced from the Agricultural News, Barbados, dated 
July 13, 1918, with the hope that some of the Provincial 
Departments of Agriculture in India interested in the qxiestion 
of drought-resisting plants will give a trial to the three plants 
which appear to be of good promise. It should be noted, 
however, that the first of these has already been tried in the ITnited 
Provinces and failed to stand the heat. 

“ Experiments which are being made in the Botanic Garden, 
Sydney, as to the fodder value of three useful leguminous slirubs 
from Teneriffe, are noticed in the Agricultural Gazette of New South 
Wales, April, 1918. The first of these, Cytisus proUferus, is known 
in its native island as Tagasaste. This is stated to be a leafy slinib 
wdth a graceful drooping habit, which docs well maler dry condititnis, 
and stands considerable variati(*n.s in temperature from hot to cold. 
Its quick growth makes it useful as a wind-break, and if kept tiimined, 
it grou^ into a pleasing shrub from 8 to 15 feet high. For fodder 
purposes, it .should never be allowed to grow into a sjuall tree, but 
should be cut regularly at least twice a year ; the foliage is then 
always young and soft, and in this state it is readily eaten by all 
kinds of stock. It is recommended as a safe and profitable stand- 
by in districts where droughts interfere with the cultivation of 
better fodder. 

“ The second shrub of the same genus is C. stempetalus, called 
Gacia in Teneriffe. This makes a beautiful, sweet-scented, yellow- 
flowering shrub, not so large in growth a.s the Tagasaste, but just 
as robust, producing thick gre<m foliage. 

“ The third of these shrubs, G. palUdus, is known as Gacia blanoa, 
and is even more beautiful as a shrub than the Gacia, because of its 
charming silvery foliage, although both species bear the same 
yellow flowers. 

• “ Both the Gacias make excellent fresh fodder and silo material 
if cut in the same way as the Tagasaste. The flowers also of 
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of them yield large quantities of nectar, and are exceedingly useful 
to bee-keepers. 

“ Dr. G. V. Perez of Teneriffe is interested in having these three 
plants experimented with in various parts of the world, and would 
probably be glad to supply seeds for trial in any of the drier West 
Indies.” 

The following extracts from official reports dealing with the 
use of cactus in the Ahmednagar Distrujt as a fodder substitute 
have been published by the Bombay Government : — 

ExtraH from a Report hy Mr. E. Weston., I.C.S., Assistant Collector, 
Ahmednagar, dated \ 5lh March, 1919. 

Central camps were opened in January at Sheogaon and 
Newasa. Cattle were taken from agriculturists willing to have their 
cattle fed upon cactus. Such cuttle are kept in the camp for about 
one month at Government expense, and being accustomed to the 
diet are retiuwd to their owirers, who arq given every facility and 
encouragement to- coixtinue using the fodder. 

Tn the early stages we were dependent upon blow-lamps for 
bumiirg off the cactus thorns. These proved unsatisfactorj’ for 
village use, as they continually went \vrong. At the end of January, 
blacksmith’s forges were tried, and their satisfactory working has 
made it possible for villagers to prepare cactus cheaply and easily 
in their own villages. 

The large blacksmith’s forge is expensive, and it is difficult to 
obtain a large supply of them quickly. Equally good results are 
obtained by the use of small hand bellows. Arrangements have 
been made to obtain about 100 pairs of these. 

Now that the technical difficulties in the way of preparing the 
fodder without elaborate apparatus are removed, it has become 
possible to expect viUagers with a little encouragement and assistance 
to take up the idea themselves. The following is an account of 
work done with that purpcMie. 

The central camps have been increased to four by establishing 
camps at Tdsgaon and Pdthardi. In these the cattle of agriculturists 
axe admitted and fed for a month. The owners and others are 
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encouraged to visit the camps and learn the method of preparing. 
Mamlatdars use the camps as offices when hearing petitions from 
tagai* applicants. On the road outside the camp a man is posted 
with a box of prepared cactus which he offers to cartmen or other 
passers-by willing to take it for their cattle. At Sheogaon we are 
now in a position to ask a price for such prepared cactus. 

The progress made among the villagers is greatest in Sheogaon 
taluhd and least in PAthardi mahdl. Sheogaon is the area in which 
famine is most severe ; Pdthardi that in which it is least so. 

In Pdthardi, no villages have gone in for cactus-feeding seriously. 
In Newasa talukd, 27 villages are feeding about 460 cattle. Here 
the average number per village is small, and we are still in the 
experimental stage when villagers send their useless cattle to try 
the fodder before giving it to their working animals. 

In Sheogaon, about 800 animals are being fed in 30 villages. 
Among these 30 villages there are several in which a further stage 
than the experimental has- been reached. The following gives the 
number of animals fed in five of the most advanced villages : — 



Animals 

Thakur Nimbgaon 

160 

Ghotan 

76 

Balam Takli 

6U 

Dor Jalgaon 

52 

Avhane 

36 


In all these villages the work is managed by the villagers. 
They have been assisted by grants of hand bellows and pincers, and 
cotton seed and grass given on tagai. 

The best example of village organization is the village Ghotan. 
The work is managed by a “ Panch ” of the leading inhabitants. 
The villagers have, subscribed towards working expenses. Cactus is 
prepared morning and evening, and distributed to the owners of the 
cattle. Those in poor circumstances receive it free, and others pay 
from 2 to 4 annas per 100 pounds. The talathi\ is keeping a register 
showing the animals fed and the amount of fodder distributed. The 
cactus is prepared by the village lohar% and his son, who im both 
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remarkably skilful. Each receives six aimas a day from the manag- 
ing “ Panch.” The services of the members of the famine kitchen 
in the village are rised for cleaning the burnt cactus. The chopping 
is done by the village mahars* The animals are in excellent 
condition, and the large proportion of them are working animals. I 
have every hope tliat similar organizations will be instituted in nrany 
more villages of Sheogaon and Newasa talukds. If this is successful, 
prickly pear feeding in famine times will have become established. 

I may mention as a proof of the growing belief in the fodder 
that the people of Ghotan, besides undertaking their own camp, 
have subscribed Rs. 1 50 towards the work of popularizii^ the use 
of prickly pear in Sheogaon talukd. 

Extracts from a Report by Mr. C. A. Beyts, I.C.S., Collector 

of Ahmednayar, dated 2^th March, 1919. 

Mr. Weston’s figures are now about three weeks old. There 
are now over 4,000 village cattle subsistiixg mainly on cactus. 

Sk >|C He 

The consumption of cactus in Newilsa and Sheogaon is already 
equivalent to about 12 lakhs of pounds of grass per mensem, and 
the value of the work done in these talukds can be judged from the 
fact that the supply of Government grass is practically exhausted 
already and that no more is required, though two months of the 
fodder famine remain in the best of circumstances. 

♦ 

* « 

HOW TO AVOID INTERMITTENT BEARING OF FRUIT TREES. 

In a recent article in Country Life, it is maintained that the 
intermittent bearing of fruit trees can be avoided by a proper system 
of manuring. The writer, H. Vendelmans, says that, in spite of a 
verj' common belief, it is certain that the bearing capacity of fruit 
trees is not limited to every other year. Ninety-one orchardists 
out of every hundred in England assert that a good crop is followed 
by a thin crop, and vice versA ; but the regularity with which exceflent 
returns are obtained annually from espalier trees, and trees under 
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glass, which received dilTerent treatment from that meted out to 
orcliard trees, ought to suggest some sceptiebm about the old 
tradition. Jn the case mentioned, it is possible to rely on good crops 
every 3 'ear. Among the reasons which explain this more regular 
bearing, manure takes a first place. Without it, the abimdant crop 
of one year makes so great a demand upon plant food that the 
reserves of the trees are exhausted, and are not strong enough to 
feed a new crop for the next year. Hence a poor return follows a 
good return. In the year following the bumper crop, the trees often 
carry no fruit at all, but they accumulate new reserves, and are then 
ready to feed a large crop the next year. When the exhaustion of the 
trees is prevented by appropriate manuring, l)earing takes place 
much more regularly. 

In manuring fruit trees, it is necessary to bear in mind that 
the blossom buds are formed the year before they come out, that is tt» 
say, during the period of bearing or shortly afterwards. Conse- 
quently, the\'^ are forming at a time when the trees are being exhaus- 
ted, or have been exhausted. Therefore, a liberal supply of easily 
assimilable manure must be placed at their disposal during this 
period. Liquid manure, wood-ashes, basic slag, and lime should 
be used, taking into account that a superabundant supply of nitrogen 
might lead to a production of wood instead of flower buds, and that 
phosphates assist in developing the flavour of the tpiit. 

This serA'es to emphasize the essential use of manures in orchard 
cultivation, if the best results are to be atteined. — [T/fc Affricultural 
News, dated 5th October, 1918.] 

* 

# # 

COTTON-SEED FLOUR FOR HUMAN CONSUMPTION. 

Mr. Ed. C. de Segundo, in the course of his paper on “ The 
Removal of the Residual Fibres from Cotton-seed and their Value 
for Non-textile Purposes ” read before the Royal Society of Arts, 
said : — 

A highly nutritious flour suitable for human consumption has 
been produced in large quantities in America during the war from 
the residue of the meats after the oil has been extracted. This flour, 
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which it is stated, has been recommended by the Ihiited States 
Government as a diluent for wheat, is being nvamifactured in large 
quantities in the United States. It is called Allison ” flour in 
honour of its originator, the late Colonel J. W. .\lIison, of Enrid, Texas. 
It contains about 50 per cent, of protein and 8 per cent, of fat, and is 
practically starch-free. Wheat flour, as is well known, shows on 
analysis about 11 per cent, of protein, about 2 |ier cent, of fat, and 
contains a high percentage of starch. The coefficient of digestibility 
of the protein in Allison flour is stated to be about 88 per cent., while 
that of the protein in wheat flour is about 94 per cent. Thus, the 
protein and fat conteiit of cotton-seed flour is about five times that 
of w’heat flour, and while, <*u this account, bread should not be made 
solely fron\ cotton-seed flour (except under medical advice in cases 
where a starch-free diet is a necessity), cotton-seed flour is eminently 
suitable for mixing w’ith wheat flour and potato floxir. By the 
judicious use of cotton-seed flour a wholesome and palatable bread 
can be made, possessing the same nutritive properties as the all- 
wheat loaf, while effecting a considerable reduction in the actual 
quantity of wheat flour used. For example : A mixture of 5 per 
cent, cotton-seed flour, 10 per cent, potato flour, and 85 per cent, 
of wheat flour (percentages cahrulated on the weight t)f solids only), 
would produce a loaf containing a rather higher percentage of 
protein than that found in the all-wheat loaf of pre-war days. As 
the wheat consumption in this country' was over 6,000,000 tons per 
annum, on the average, over a period of years immediately preceding 
the war — of which about 5,000,000 tons had to be imported — the 
possibility of effecting a saving of 15 per cent, of our normal require- 
ments of wheat flour is a matter to which serious consideration 
might usefully be given. I have dealt at some length with the 
properties of cotton-seed flour in a paper read before the London 
Section of the Society of Chemical Industry on March 25th, 1918. — 
[Journal of the Royal Society of Arts, dated 14th Febniary, 1919.] 

* 

t • 

VesetaUe^rylng, which has reached such extraordinary 
development in Central Enn^, is an emergency industry, and 
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Dr. Eisener has predicted its decline after the war. Before the 
war, however, in 1913-14, Germany dried 11,500,000 hundred- 
weight of potatoes. The potato-drying capacity has been since 
increased to 37,000,000 hundredweight ; and a recent census showed 
the drying plants of ^rmany to include 700 especially designed for 
potatoes, 150 for corn, 400 for cabbage, 400 for partly dessicating 
different products, 250 for various vegetables, and 22 for milk. 
Even kitchen refuse has been dried in some of the larger cities. 
Studies are said to be still in progress of the best methods of drying 
to retain original flavours, and experiments on the best ways of cook- 
ing have been made. The German demand has built up large drying 
establishments in Holland, where dried vegetables have been little 
used. One drier estimates that the processes now employed in 
Holland reduce the weight of root vegetables, including potatoes, 
about 80 or 85 j)er cent. ; and of such vegetables as celery, cabbage, 
lettuce, etc., as much as 90 or 93 per cent.-- [Capte?, dated 28th 
M>\rch, 1919.] 



PERSONAL NOTES, APPOINTMENTS AND TRANSFERS, 
MEETINGS AND CONFERENCES, ETC. 

WOODHOUSE-SOUTHERN MEMORIAL FUND. 

Rs. 

Donations received up to the 28th February, 1919, and 1,030 
acknowledged in the Agricultural Journal of 
India, Vol. XIV, Pt. II, April, 1919. 

Donations received during the period from l.st March, 1919, 
to Slat May, 1919 : — 


The Hon’ble Mr. C. A. H. Townsend, !.(.!.?; 

i. (8) .. 40 

G. Milne, Plsq.. I.C.S. (W) 

100 

A. McKerral, Esq. 

50 

D. Milne, Esq. 

30 

A. G. Birt, Esq. 

30 

A. A. Meggitt, Esq. 

30 

Bhimbhai M. De.sai, Esq. . , 

50 

W. 0. MacGregor, Esq. (\V) 

30 

1). (3ou.stou, Esq. 

50 

Harold H. Maun, Esq. 

50 

t!apt. Roge6 Thomas 

50 

G. R. llilsou. Es(|. 

10 

T. F. Main, Esq. 

20 

E. Thoinp.stoue, Esq. 

25 

F. J. Warth, Esq. 

25 

W. M. Schutte, Esq. 

10 

F. A. Savi, Esq. (W) 

10 

0. T. Faulkner, Esq. 

20 

P. 0. Patil, Esq. 

15 

W. Roberts, Esq. 

50 

Lt.-Uol. A. C. Elliott, I. A., G.B.E. (S). . 

50 

W. S. Hamilton, Esq., l.C.S. (8) 

50 

L. C. B. Gloscock, Esq. (8) 

10 

Maulvi Fatehuddin (8) . . 

20 

Pandit Chandan Ram (8) . . 

5 

Malik Barkat Ali (S) 

5 

Gr. C. Sherrard, Esq. 

50 

H. M. Chibber, Esq. 

15 

Total . . 

Rs. 1,930 


< 677 ) 
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His Majesty the King-Emperor’s Birthday Honottrs List 
contains the following names which will be of interest to the 
Agricultural Department : — 

K.C.I.E. The Hon’ble Mr. C. E. Low, C.I.E., I.C.S., Secretary 
to the (Jovernment of India, Department of 
Commerce and Industry (sometime Director of Agri- 
culture and Industries, Central Provinces and 
Berar). 

C.S.I. The Hon’ble Mr. R. A. Mant, B.A., I.C.S., Offg. Member 
of the Council of the Governor-General of India, in 
charge of the Revenue and Agriculture Department. 

C.I.E. Mr. H. C. Barnes, M.A., I.C.S., Offg. Commissioner, 
Surma Valley and Hill Districts (sometime Director of 
Land Records and Agriculture, Eivstern Bengal and 
Assam). 

Mr. H. Clayton, M.A., I.C.S., Offg. Commissioner of 
Settlements and I^an d Records, Burma (sbmetime 
Director f)f Agiiculture, Burma). 

Mr. D. Clouston, M.A., B.Sc., Offg. Directtir of Agri- 
(tulture, Central Provinces and Berar. 

C.I.E. {War Services). Mr. C. A. Innes, I.C.S., Food Con- 
troller and .Joint Secretary to the Government of 
India, Revenue and Agriculture Department. 

C.B.E. Mr. C. G. Leftwic H, I.C.S., Controller of Civil Supplies, 
Central Provinces and Berar (sometime Director of 
Agriculture, Central Provinces and Berar). 

* 

♦ * 

The Hon'ble Sir Claude Hill, K.C.S.I., C.I.E., I.C.S., 
Member of the Council of the Governor-General of India, in charge 
of the Revenue and Agriculture Department, has been granted 
leave on medical certificate for a period of four months from 9th 
April, 1919. 

The Hon’ble Mr. R. A. Mant, B.A., I.C.S., officiates for Sir 
Claude Hill, and Mr. J. HuUah, I.C.S., acts in place of Mr. Mant as 
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Secretary to the Govenmient of India in. tlie litivemie and Agri- 
culture Department. 

# 

* * 

Mr. J. Mackenna, C.I.E., M.A., I.C.8., Agricultural Adviser 
to the Government of India and Director, Agricultural .Research 
Institute, Pusa, has been granted privilege leave for six months 
from the 13th April, 1919. 

Mr. G. a. D. Stuart, B.A., l.C'.S., has been appointed to offi- 
ciate in place of Mr. Mackenna. 

* 

* * 

Mr. G. S. Henderson, N.D.A., N.D.D., Imperial Agriculturist 
on deputation under the Indian Munition:; Board as Controller, 
Agricultural llequireinents (Mesopotamia). Poona, is granted 
privilege leave for three months from tlie date of his relief from the 
Munitions Board. 

Mr. Wynne Sayer, B.A., will continue to act as Imperial 
Agriculturist, during the absence of Mr. G. 8. Henderson on 
privilege leave. 

* 

* * 

Mr. R. Cectk Wood, M.A., Principal of the College of Agricul- 
ture, Professor of Agriculture and Superintendent ot the Central 
Farm, Coimbatore, has been appointed to act as Director cf 
Agriculture, Madras, during the absence of Mr. Stuart. 

Mu. W. McRae, M.A., B.Sc., F.L.S., Government Mycologist, 
officiates as Principal of the College of Agriculture, Coimbatore, 
and Mr. lioger Thomas, B.Sc., Deputy Director of Agriculture, acts 
as Professor of Agriculture and Superintendent of the Central Farm, 
Coimbatoie, vice Mr. Wood. 

♦% 

Dr. C. a. Barber, C.I.E., Government Sugarcane Expert, 
Madras, has been granted combined leave for six months from the 
12th April, 1019, and has been permitted to retire from service on 
the expiry of the leave. 
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Mr. T. S. Venkataeaman, B.A., Assistant Government 
Sugarcane Expert, Madras, has been appointed to aet as Government 
Sugarcane Expert until further orders. 

♦ 

* * 

Mr. F. R. Parnell, B.Sc., Government Economic Botanist, 
Madras, has been granted combined leave for 12 months from 
30th April, 1919. 

Mr. G. N. Rangaswami Ayyangab, B.A., has been appointed 
to officiate for Mr. Parnell until further orders. 

* 

« * 

Mr. G. R. Hilson, B.Sc., Deputy Director of Agriculture, 
II & ill ('ircles, Madras, has been granted combined leave for 13 
months from 1st May, 1919. 

* 

* * 

Mr. K. T. Achaya, Assistant Director of Sericulture, Jammu, 
has been appointed temporarily as Sericultural Export in the 
Agricultural Departmert, Madras. 

♦ 

♦ « 

Rao Bahadur K. Ranga Ach.\rivar. M.A., Gttvernment Lectur- 
ing and Systenuitic Botanist, (’((imbatore, was granted privilege 
feave for three weeks from 15th Miiy, 1919. 

Mr. C. Tadiilingam Mudaliyar acted as Government Lectur- 
ing and Systematic Botanist, during Mr. Ranga Achariyar’s absence. 

**♦ 

Mr. T. V. Ramakrishna Ayyar, B.A., F.E.S., F.Z.S., Acting 
Goveniment Entomologist, has Ijeen granted privilege leave for two 
months from or after 5th May, 1919. 

Mr. Kamachandra Rao, M.A., has been appointed to 
officiate as Government Entomologist, vice Mr. Ranrakrishna Ayyar 
on leave or until further ordens. 

m 

* * 

Mr. S. Milligan, M.A., B.Sc., Director of Agriculture, Bengal, 
has been allowed combined leave for seven months. 
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Me. R. S.'^ Finlow, B.Sc., F.I.C., Fibre Expert to the 
Government of Bengal, officiates as Director of Agriculture, Bengal, 
in addition to his oAvn duties, during the absenc^e of Mr. Milligan. 

« 

* * 

Mr, H. E. Annett, B.Sc., F.C.S., Agricultural Chemist to the 
Government of Bengal, has been allowed combined leave for 19 
months. 

Mr, G. P. Hector, M.A., Economic Botanist to the 
iJoveniment of Bengal, has been appointed to act as Agricultural 
Chemist, Bengal, in addition to his own duties, vice Mr. H. E. 
Annett on leave. 

* 

* * 

Mb. a. 1). MacGregor, of the Civil Veterinary Department, 
Bengal, has lieen allowed privilege leave for three months. 

•** 

Mr. H. M. Chihhkr, M.A.. lias lieen appointed Plant-Breeding 
Expert to the Government of Bombay, with effect from 1st 
January, 1919. 

*** 

Mr. T. F. Main, B.Sc., Deputy Director of Agriculture in 
Sind, has been granted combined leave for six months from 6th 
May, 1919. 

Mr. Gitl Mahammau Anin’R Rahman. Divisional Su|)erin- 
tendent of Agriculture in Sind, acts for Mr. Main pending further 
orders. 

Mr. W. M. Scuutte, A.M.1.Mech.E., Agricultural Engineer 
to Government, Bombay, has been granted, with effect from 
27th April, 1919, combined leave for six months. 

Mr. G. H. Thiselton Dyer acts as Agricultural Engineer 
during Mr. Schutte’s absence. 

♦S 

Mr. G. C. Sherrard, B.A., Deputy Director of Agricultuie, 
Patna Circle, on his reversion from military duty, has been placed, 
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with effect from the 1 7th February, 1919, on special duty in 
connection with the closing of the Bankipore Agricultural Farm, 
and the establishment of the Ranchi Asylum Dairy, and the new 
Experiment and Seed Farms at Purulia and Ramgarh. 

Subject to confirmation by His Majesty’s Secretary of State, 
the Government of India have sanctioned the re-employment of 
Mr. M. M. MacKenzie as Superintendent of the Sipayu Cattle- 
Breeding Station for a further period of five years. 

# 

* « 

Mr. B. C. Burt, B.Sc., M.B.E., Deputy Director of Agriculture. 
Central (hrcle, ITnited Provinces, has l)een granted privilege lca^e 
for six months, with effect from the 4th April, 1919. 

Rai Sahib Nand Kishore Sharma, Divisional Superintendent 
of Agriculture, Central Circle, Cawnpore, officiates in place of 
Mr. Burt. 

♦ 

* * 

Mr. H. M. Leake, M. A., Ec^onomic Botanist to the Government 
of the United Provinces and Principal, Agricultural College, 
Cawnpore, has been granted combined leave for ten months, with 
effect from the 16th April, 1919. 

Mr. G. Clarke, F.I.C., Agricultural Chemist to Govenunent, 
United Provinces, officiates as Principal, Agricultural College, 
Cawnpore, vice Mr. I.<eake granted leave. 

Mr. W. Younoman, B.Sc., Assistant Economic Botanist to 
Government, United Provinces, officiates as Ec^onomic Botanist, 
vice Mr. Leake on leave. 

* 

* * 

Mr. F. J. Warth, M.Sc., B.Sc., Agricultural Chemist, Burma, 
has been granted combined leave for six months. 

* 

♦ ♦ 

Mr. T. Rennie, M.R.C.V.S., Second Superintendent, Civil 
Veterinary Department, Burnaa, has been granted combined leave 
for six months. 
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»Seconi>Lieut. (T. Lt.-Col.) R. J. D. Graham, I.A.R.O., has 
been mentioned by Lt.-General W. R. Marshall, K.C.B., K.C.8.I., 
(,’ommanding-in-(Jhief , Mesopotamia Expeditionary Force, in his 
despatch, dated 11th November, 1918, for distinguished and gallant 
services and devotion . to duty. 

**♦ 

The services of Mr. G. Evans, M.A.,i Deputy Director of Agri- 
culture, Central Provinces, have been placed temporarily at the 
disposal of the Government of Burma. 

Mr. J. H. Ritchie, M.A., is appointed to act as Deputy 
Director of Agriculture, Northern Circle, Central Provinces, vice 
Mr. G. Evans. 

* 

♦ ♦ 

Mr. j. N. Chakrararti. Sujjerintendent of Agriculture, on 
deputation, has been appointed to officiate as Second Deputy 
Director of Agricult uie. Assam, from the 16th May, 1919. 

* 

9|e 9|C 

Mr. .1. G. Cattell. M.R.C.V.S.. Superintendent, Civil 
Veterinary Department, Sind, Baluchistan and Riijputana, has 
been gninted combined leave for two years. 



Itvitutis. 


Soil Biology. Laboratory Manual. — By A. L. Whiting, Ph.1)., 

Assistant in Soil Biology in University of Illinois, College of 

Agriculture and Agricultural Experiment Station. Pp. ix+l^S. 

(New York : John Wiley & Sons : London : Chapman & Hall. 
Ltd.) 

hktract from preface : — “ The purpose of this Manual is to 
present the important principles of soil biolog\% particularly as 
they point to the intelligent control of the essential elements of plant 
food. The principles are incorporated in practices which acquaint 
the student with the various forms of life in the soil and their 

activity Emphasis is laid upon quantitative results, 

and the measure applied consists of hio-chemical and chemical 
methods.'’ 

The small volume is divided into two parts. 

Part 1 contains the piactices referred to in the preface, a total 
of thirtV'-three, with numerous questions and references to recent 
literature. The subjects dealt with include soil plating, the 
nitrogen cycle, the sulphur cycle, fungi and algae in soils and their 
relation to soil nitrogen, aerobic and anaerobic decomposition of 
cellulose, protozoa in soils, enzymes, iron bacteria, decomposition 
of cyanamid, cross inoculation of legumes, and the solvent action of 
soil bacteria on minerals. 

Part II contains clear and concise descriptions of the bacterio- 
logical, ishemical, mechanical and pot culture methods applied 
in the Illinois laboratory, and a list of reagents, chemicab and 
apparatus for the teaching of soil biology. 

( 684 ) 
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The volume is a most useful addition to previous laboratory 
manuals. — [J. H. W.] 

♦ 

* * 

We welcome in pamphlet form the very interesting lecture on 
the subject of Agricultural Organization in Bengal, delivered on the 
28th March, 1919, under the auspices of the' Bengal Co-operative 
Organization Society, by Mr. G. S. Dutt, I.C.S., Collector of Birbhum. 
The three main propositions which he lays down are that agriculture 
is still the greatest industry in the country, that in the application 
of science to the practice of husbandry lies the path of advance, 
and that an agency for the dissemination of such knowledge can be 
created by the ciombined application of the principles of decentrali- 
zation and co-operation. The first two are universally accepted. 
The main interest of Mr. Dutt’s lecture lies in the account he gives 
of the system of Branch Agricultural Associations which have been 
constituted in the district of Birbhum for the purpose adumbrated 
in the third proposition. Provincial, Divisional, and District Agri- 
cultural Associations are, in this country, perhaps as old as the 
Agricultural Departments themselves and many have done useful 
work, but generally it may be said that the work is of a spasmodic 
character and carried on by individuals rather than by the associa- 
tion in its corporate capacity. This has been mainly due to the 
areas of their activities being too large and the associations contaiiring 
too few practical agriculturists. To meet this difficulty, the Birbhum 
District Agricultural Association evolved a system of Branch 
Agricultural Associations of members residing within the area of a 
Police Thana. This proved so popular that even the area of a 
Thana is now considered too large for effective corporate work, and 
associations are being formed on a much smaller territorial basis. 
The number of such branch associations has, during four months, 
increased from 16 to 30. These branch associations in their present 
form, Mr. Dutt describes as “ associations of farmers — large and 
small, literate and illiterate, hhadraiog and peasant — for the purpose 
of mutual discussion and dissemination of information, for the joint 
purchase of seeds, manures and' implements, and for adopt- 
ing new vaiielaes and improved methods of cultivation 
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recommended by the officers of the Agricultural Department.” Dur- 
ing the first year of their existence these bodies indented for new 
manures, seeds of superior varieties of paddy, wheat, groundnut 
and other crops, as well as improved varieties of sugarcane cuttings, 
etc., worth about Rs. 8,000. In the present year, the indents are 
expected to be about Rs. 14,000 in value. These are no m'^an 
figures for the first year’s work in a backward small district. But 
these associations are not mere agencies for distribution of seeds 
and manures. “ They provide a basis for practical combination of 
farmers with a view to the securing of important agricultural inform- 
ation and they coirstitute practical rural schools in which the 
members learn from each other’s example the lessons of agricultural 
improvement.” Moreover, when the full scope of their usefulness 
is developed, there will hardly be an agricultural problem in the 
solution of which these associations cannot play an important part. 
Mr. Dutt is of opinion, and we agree with him, that the organization 
of such bodies will most usefully supplement the activities of the 
Co-operative Department, and that without some such organizatiorr 
rro schema of rural reconstruction will have any chance of success. 
Agricultural development as well as expansion of the co-operative 
movement has, in every one of the most progressive countries 
in agriculture, been preceded and fostered by a system of 
farmers’ associations in the villages on lines sinrilar to the Birbhum 
system. Mr. Dutt therefore appeals to all public-spirited people in 
the other districts of Bengal to equip themselves with this healthy 
and natural system of rural and national reconstruction which is 
such a crying need in Bengal to-day. Government, he says, have 
ensured fair* rent, fixity of tenure and free sale ; Govenunent are 
providing the required expert officers and farms for research work ; 
and now the people themselves should take up the work of organiza- 
tion and combination and of untiring effort towards, improvement 
through combined action. We hope Mr. Dutt’s appeal, backed by 

the example of Birbhum, will not fall on deaf ears. [Editob.] 

# 

* « 

Agricultural Statistics of India, 1916-17, Vol, L— This annual 
volume is the thirty-third of the series started in 1886, wjtb 
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statistics for 1884-85, and has just been issued by the Department 
of Statistics, India. A map showing the departure from 
normal of the cropped area and of the rainfall in 1916-17, five 
charts showing total area cropped, food-crop.s area, cultivable 
area, irrigated area, fallows, etc., and three diagrams showing areas 
under different crops, live-stock, and shares of provinces in the total 
area under principal crops, introduced for the first time this year, 
have added considerably to the usefulness of the publication. The 
diagrams bring out a close correlation between the total rainfall and 
the area cropped. 

The total area of India, including Burma, is 1,151,336,000 acres, 
and this volume deals with the 616,160,000 acres out of this whi(;h 
are in British India, excluding Indian States. After allowing for 
forestS) buUdirgs, water, roads, etc., we find that 63 per cent, of this 
total remain.s available for cultivation. The net area actually 
cropped in the year was, however, 229,709,000 acres, or 37 per cent, 
of the total area, as against 221,778,000 acres in the preceding year, 
or an increase of 3*6 per cent. The area under food-grains showed 
an increase of 5,340,000 acres or 2*6 per cent, as compared with the 
preceding year. Of oilseeds, sesamum, rape and mustard some- 
what declined, but linseed and. other oilseeds increased by 
406,000 acres. Sugar showed an increase of 40,000 acres, while 
the increases under cotton and jute were 2,401,000 and. 323,000 
acres, respectively. 

From the second map and the charts it can be deduced that the 
general increase in cropped area was mainly due to a rainfall well 
above the average, but no table of rainfall is given in the volum.e. 
We suggest that this might be included in future. 

It is admitted that the figures in Table VI, which deals with 
transfers of land, are incomplete. Madras has discontinued the 
return since 1913-14, and we sugge:;t that it would be best to omit 
the whole table in future. The publication of incomplete figures 
serves no useful purpose. The volume closes with two useful 
appendices giving lists of vernacular terms and ixames of crops. 
We notice some errors in these, e.^., Dividivi is more used as a 
tanning stuff than a Aye s^ Kolmji{Tephrosia purpurea) is a green 
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manure crop and not a drug ; while the detinitiops of the verna- 
cular terms Inam, Zamindar, Zamindari might well be made 
more illuminating. — [E ditor.] 

He 

He He 

The October-December (1918) Number of the Bulletin of the 
Imperial Institute (London : John Murray, 2s. 6d.) contains a compre- 
hensive article on the Empire’s trade in wool in its relation to the 
wool trade of the world. The total amount of wool produced is esti- 
mated at about 3,000 million pounds, of which almost two-fifths is 
contributed by British countries, Australia alone producing nearly 
one-fifth. ( )f the 460,000,000 lb. of imported wool used in the United 
Kingdom before the war, more than three-quarters came from British 
sources. Nevertheless, as is pointed out, Germany was actually using 
more Australian and South African wool than the United Kingdom. 
It is interesting to note also that the total consumption of wool in 
Germany was greater than in the United Kingdom, but it was chiefly 
of the inferior kinds. During the three years before the war the 
United Kingdom was exporting woollen manufactures of the 
average annual value of 27 million pounds sterling. Since then 
the growth of the industry has been remarkable. The average 
annual value of the exports of woollen manufactures has increased 
^0 over nullion pounds, and at present nearly twice as much 
wool is being used by the weaving industry as in pre-war times^ 
and nearly the whole of it comes from within the Empire. 

« The article includes an account of the production of wool within 
the Empire and in foreign countries, and full particulars are given 
of the trade in woollen goods of the United Kingdom, the chief 
European countries, the United States and Japan. 

The same number of the Bulletin contains an informative article 
on the manufacture and industrial utilization of paper yams, which, 
during the war, were so largely used in Germany for fabrics of various 
kinds owing to the scarcity of jute and cotton. The manufacture 
of cordage and fabrics from paper yarn has been carried on in this 
country ; but it appears unlikely that any extensive development 
of the industry will take place here so long as ample supplies of jute 
are obtainable at a reasonable price. 
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The section of the Bulletin devoted to an account of recent inves- 
tigations conducted at the Imperial Institute includes a second report 
on samples of rubber prepared in Ceylon, in order to ascertain the 
best methods of preparing plantation rubber of the quality required 
by manufacturers ; a report on the value of Indian tea seed as a 
source of oil ; and a report on minerals from Rhodesia, including a 
general summary of the mineral resources of that country. 
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A NEW DSE Foil SUGAR IN THE CURING OF RUBBER. 

To THE Editor, 

The Agricvltural Journal of India. 

Sir, 

In the Agricultural Journal of India, Vol. XIII, Pt. IV, October, 
1918, page 731, is a note headed “ A new use for sugar in the curing 
of rubber,” abstracted from the Philippine Agricultural Review, 
which attributes the discovery to Drs. Swart and Ultee of Java. 

I should like to point out that this discovery was originally 
made by me in the laboratories of the Agricultural Department, 
F. M. S. (vide Agricultural Bulletin, Vol. IV, No. 2, November, 1916, 
page 26 ; and Vol. V, No. 2, November, 1916, page 48). Had 
reference been made to the original publication from Java by 
Drs. Gorter and Swart {West Java RuMter Testing Station Bulletin 
No. 6), the error in attributing the discovery to the above workers 
would not have arisen. 

Drs. Gorter and Swart developed the investigation, which we 
were unable to continue at the time of our original discovery, and 
found that the sugar was converted chiefly to lactic acid. 

The anaerobic process for coagulation of Hevea latex, together 
with the necessary addition of sugars in many cases, was discovered 
and operated originally in the Federated Malay States. 

I should be glad if you would insert this correction in your 
Journal. 

Yours faithfully, 

B. J. Eaton, 
Agrmdtural Chemist, 
Federated Maday States. 


1th January, 1919. 
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ON AGRICULTURE AND ALLIED SUBJECTS. 


1. Everyman’s Chemistry. The Chemist’s Point of View and his 

Recent Work told for the Layman, by Ell wood Hendrick. 
Pp. x+319. (London : University of London Press, Ltd.) 
Price 8s. 6d. net. 

2. Manual of Vegetable-garden Insects, by C. R. Crosby and M. D. 

Leonard. Pp. xv-1-391. (New York: The Macmillan Co.; 
London : Macmillan and Co., Ltd.) Price 12s. Qd. net. 

3. Botany : A Text-book for Senior Students, by D. Thoday. 

Second Edition. Pp. xix-1-524. (Cambridge : The Univer- 
sity Press.) Price 7s. ed. net. 

4. A System of Physical Chemistry, by Prof. W. C. McC. Lewis. 

Second Edition. In three Volumes. Vol. Ill ; Quantum 
Theory. With two appendices by James Rice. (Text-books 
of Physical Chemistry.) Pp. viii-1-209. (London : Long- 
mans, Green and Co.) Price 7s. 6d. net. 

5. A Handbook of Colloid Chemistry. ^ The Recognition of Colloids, 

the Theory of Colloids, and their General Physico-Chemical 
Properties, by Dr. Wolfgang Ostwald. Second English Edi- 
tion. Trandated from the Third German Edition by Prof. 
Martin H. Fischer. With numerous notes added by Emil 
Hntschek. Pp. xvi-|-284. (London: J. and A. Churchill.) 
Price 16s. net. 

6. Recent Advances in Organic Chemistry, by Dr. A. W. Stewart. 

With an Introduction by Prof. J. N. Collie. Third Edition. 
Pp. xx-f350. (London : Longmans, Green and Co.) Price 

14s. net. 
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7. The Sctience and Practice of Manuring ior the U36 of Amateur, 

Market, and Professional Growers, Orchardists, etc., by W. 
Dyke. With an Introduction by J. Wright. Revised and 
enlarged Edition. Pp. 157. (London : The IiOck\vood Press.) 
Price 2s. net. 

8. Recent Advances in Physical .and Inorganic Chemistry, b,,?^ Dr. A. 

W. Stewart. With an Introduction by Sir WiUiam Raii^say. 
Third Edition. Pp. xv-j-284. (London : Longmans, Green 
and Co.) Price 12s. 6(7. net. 

9. Recent Discoveries in Inorganic Chemistrj', by J. Hart Smith. 

Pp. x+91. (Cambridge: The University Press.) Price 4s. 6(7. 
net. 

10. Coniferous Trees for Profit and Ornament. Being a concise 

description of each species and variety with the most recently 
approved Nomenclature, List of Synonyms, and Best Methods 
of Cultivation, by A. D. Webster. Pp. xx+298. (London : 
Constable and Co.) Pric« 21s. net. 

11. Agricultural Laboratory Exercises and Horae Projects adapted 

to Secondary Schools, by Henry J. Waters and Prof. Joseph 
D. Elliff. Pp. vi-|-218. (Bo.ston and London : Ginn and 
Co.) Price 4s. 6(7. net. 

12. Applied Analytical t'hemistry. Methods and Standards for the 

Chemical Analysis of the Principal Industrial and Food 
Products, by Professor Vittorio Villavecchia. Translated by 
T. H. Pope, B.Sc., A.C.G.I., F.I.C., University of Birmingham. 
(London : J. and A. Churchill.) Vol. I, 21s.; Vol II, 25s. 
net. 

13. Mycology and Plant Pathology, by John W. Harahberger, Ph.D., 

Professor of Botany, University of Pennsylvania. 

The following publications have been issued by the Imperial 
Department of Agriculture in India since our last issue : — 

Special Indian Science Congress Number of the Agricultural 
Journal of India, 1919. Price, Rs. 2 or 3s. 
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Bulletin. 

A New Nematode causing Parasitic Gastritis in Calves, by A. L. 
Sheather, B.Sc., M.R.C.V.S. (Bulletin No. 86.) Price, As. 4 or 5d. 

Indigo Publication. 

An Improved Method of preparing Indican from Indigo-yielding 
Plants, by Bhailal M. Amin, B.A. (Indigo Publication No. 5.) 
Price, As. 2 or M, 




With the conuueucement of the New Year the Journal will isaue 
bi-iuontWy, namely, in January, Match, May, July, September, and 
November, while the Special Indian Science Congreaa Number will 
ceaae to appear aa a aeparate iasue, papers read at the Oongreas 
being published in the ordinary numbers of the Journal. A series 
of coloured plates illustrating some common Indian birds of interest 
to agriculturists will be a new feature of the Journal. 

The rate of aimual subscription will continue to be lls. 6, while 
the price of single copies will be reduced from lls. 2 to 11. 1-8. 

G. A. D. STUAKT, 

Offg. Agricultural Adviser to tlie 
Government of India. 



BY 

THACKEK, SPINK A CO. 

CALCUTTA 
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COLONEL HENRY THOMAS PEASE, C.I.E., V.D.. M.R.C.V.S.. 
Principal of the Punjab Vetennary College, 1896-1907 and 1912-1919. 



Original 


COLONEL H. T. PEASE, C.I.E,, V.O. 

Colonel H. T. Pease, C.I.E. , V.D., Principal of the Punjab 
Veterinary College, retired on 20tli July, 1919, after 34 years’ 
service in India. 

Henry Thomas Pease belongs to -an old Yorkshire family, 
settled near Hull since the reign of Charles I. He is the son of 
F. R. Pease, Esqr., of Rusholme Hall, and was born in 1862. On 
leaving school, he took the diploma course at the Royal Veteri- 
nary College, London, and after some experience in a large 
practice in the north of England, he joined the Army and came to 
India in 1885. 

In 1888 he was given an officiating staff appointment as Assist- 
ant Superintendent, Horse-breeding Department, and on the con- 
clusion of that duty was posted as Veterinary Adviser to the Punjab 
Gr()vernraent and Professor in the Lahore Veterinary School. In 
1891 he was specially selected as Superintendent of Bacteriological 
Survey, and posted to the Bacteriological Laboratory at Poona 
where he assisted Dr. Lingard in his researches into surra in horses. 
He soon realized that Poona was quite unsuitable for the require- 
ments of a laboratory engaged in the study of contagious animal 
diseases. He was placed on special duty to select a more suitable 
site, and eventually chose Muktesar as possessing most of the neces- 
sary requirements. He received the thanks of the Government of 
India for work done in 1893, and was then appointed Assistant 
Inspector-General and placed in charge of the cattle and disease 
branch of the department, a post which enabled him to devote 
considerable time to the development of the laboratory and at the 
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same time to direct attention to cattle-breeding and the organization 
of the department for the treatment of disease in the districts. 
In the former direction he commenced to collect information 
regarding the good breeds of cattle, and prepared reports 
on the indigenous breeds in the Punjab, Mysore, Nellore, and 
Harriana, ail of which were published in manual form. He also 
prepared a horse-breeding manual which was issued by authority, 
and for which he received the thanks of the Government of India. 
In regard to disease he endeavoured to stimulate research by 
the publication of up-to-date manuals on rinderpest, anthrax, 
hsemorrhagio septicaemia, black quarter, horse surra and ulcerative 
lymphangitis. He was also the compiler of the “ Agricultural 
Ledger ” on breeding, disease and cognate subjects. 

In 1896 great difficulty was experienced in obtaining a 
Principal to succeed Col. Nunn at the Punjab Veterinary College 
and he volunteered to give up his appointment as Assistant Ins- 
pector-General to take up the work. But although Col. Pease 
left the Government of India, he remained their unofficial adviser 
in important matters connected with animal breeding and 
disease. 

At the Punjab Veterinary College, he set himself to work to 
improve both teachers and students. He set about the preparation 
of text-books in Urdu himself and stimulated other teachers to do 
the same. He prepared books in Urdu on equine medicine, equine 
surgery, soundness and age, horse shoeing, handling of animals, 
veterinary jurisprudence and contagious diseases. In addition 
to this, he started and kept going for some years an Indian veteri- 
nary journal in Urdu. The present high reputation of the Punjab 
Veterinary College must be largely attributed to the excellent work 
of Colonel Pease. In 19Q6 he discovered the existence of a 
serious contagious disease among the horse-breeding stock, proved 
its contagious nature and demonstrated the cause. This was dourine, 
from which a great number of the stock were suffering, a disease 
which had doubtless for a considerable time made the results of 
the horse-breeding operations so bad. He also discovered the exis- 
tence of haemorrhagic septicaemia among cattle and buffaloes, and 
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was instrumental in bringing about the appointment of a Camel 
Specialist to deal with the diseases of that useful transport animal. 
In 1906, in collaboration with Baldrey and Montgomery, Colonel 
Pease started the “ Journal of Tropical Veterinary Science,” and 
from 1909, when the collaborators left India, carried on the work 
for four years practically single-handed. In 1906 he was awarded 
the title of C.I.E. for work done for the Government of India. 
In 1907 Colonel Pease was appointed to the post of Inspector- 
General of the Veterinary Department. He held the post 
until 1912, when the appointment was abolished, and theii 
returned to the Punjab Veterinary C\)llege as Principal. On his 
return to Lahore the necessity for moving the (jollegc to another 
site had arisen, and he was called on to plan and equip the 
present new (ioUege, which lie has made one of the best in the 
world. 

The work which he lias done is well known to scientists 
in. all parts of the world and recognized by them. He was made a 
Foreign (Virrc.spondcnt of the Hoci^te de Medecine Veterinaire in 
Paris and a Titulaiy Member of the Societe des Sciences Veterinaire. 
He is also a member of the Zoological Society of London. He 
was for many years a member of the Board of Scientific 
Advice. 

In the midst of a busy life he has found time to devote 
to volunteering, and has for over 20 years been a member 
of the Punjab Light Horse, of which he was for years Adjutant 
and eventually Commanding Officer. The verdict of his 
comrades on his retirement wa« that his history was the history of 
the Corps. For his services in the Punjab Light Horse he was 
awarded the V. D. and appointed Honorary Aide-de-Camp to 
the Commander-in-Chief in India. For the services he rendered 
in connection with the Indian Defence Force in the war he was 
mentioned in despatches by His Excellency the Commander-in- 
Chief for valuable services rendered during the first tliree years of 
the war. 

0 

Colonel Pease is a distinguished Freemason at the head of 
the Craft, Chapter and Mark Degrees in the province. 
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The cheery humour and sound common sense displayed by 
Colonel Pease at successive meetings of the Board of Agriculture 
have endeared him to all officers of the present generation in the 
Veterinary and Agricultural Departments. The best wishes of all 
follow him into his well-earned retirement. [G. A. D. S.] 
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F'hi>U) by Vernon Co., B<}ml)H\ . 


The late ARTHUR WILFRED SHILSTON, M.R.C.V.S., 

Second Bacteriologist, Imperial Bacteriological 
Laboratory, Muktesar. 



TH® LATE ARTHUR WILFRED SHILSTON, M.R.e.V.S. 

By the death of A. W. Shilston, from acute glanders, at the 
early age of 34, veterinary science in India has lost one of its most 
promising and valuable workers. In research and in routine work 
Shilston gave of his best. He had the true gift for research — fore- 
sight and rational imagination coupled with patience, perseverance 
and an infinite capacity for attention to detail. In routine he was 
prompt and resourceful. In both of these fields of work India is 
deeply indebted to him. 

Shilston entered the Royal Veterinary College, London, in 
October 1904, and took his diploma in July 1908. His college 
career was brilliant and he was a marked man from the time he 
entered. Shortly after obtaining his diploma he was appointed 
to the Veterinary Research Laboratory at Pietermaritzburg, Natal, 
first as Assistant to Colonel Pitchford, and subsequently in charge. 
In March 1914, after a brief period of five weeks spent in England, 
he took up the appointment of Assistant Bacteriologist at the 
Muktesar Laboratories under Colonel Holmes. From February 
1915 till October 1916, Shilston officiated as Imperial Bacterio- 
logist, and afterwards held the appointment of Second Bacterio- 
logist, up to his death. 

In AjErica Shilston did valuable work in connection with sheep 
scab, piroplasmosis. East Coast fever, and the production of anti- 
snake-venom serum. Li India his energies were devoted to 
problems connected mainly with rinderpest, surra and dourine, 
and much valuable work in these subjects stands to his credit. 
Shilston first became ill on June 17th, and as he failed to make 
satis&otory progress he was sent on to Naini Tal on the 21st. The 
disease from which he was suffering steadily progressed and 
terminated &tally on July 6th. It can truly be said that his life 
was saoxiioed to his work. [A. L. S.1 



THE REPORT OF THE INDIAN COTTON 
COMMITTEE. 


HY 

FRANK NOYOK, I.F.8, 

Secrcfary fo ihr Inditm Coffon (Umirniitov. 

The issue ot the Report of the Indian (Jottou (*ominittee is 
something of an event in. the history of Indian agriculture. For 
the first time, the preseirt position and future prospects of on.e of 
the great Indian staple crops has been exhaustively examined l>y a 
Committee of experts. An article on the Report in. a Journal which 
is devoted to Indian agriculture is no more than, its due, hut the 
writer could wish that it had fallen, to the lot of some one more 
competent than, himself to contribute it. The Secretary of a Ctun- 
mittce is, for obvious reasons, singularly ill-fitted to criticize its 
conclusions. All that can here be given is, therefore, some brief 
comments on the outstanding features of the Report so that an.y 
reader of this Journal who has not yet seen it nuiy know what to 
exj)ect. 

The Report opens with an introductory chapter which gives an 
outline of the general position in regard to the world’s supply (»f 
cotton whicli led to the appointment of the Committee. It also 
gives a brief description of the Committee’s wanderings round 
Indk which extended from Lyallpur to Tuticorin and from Karachi 
to Calcutta. The Committee can claim that i?.o important cotton 
tract was left out and that they visited many places in which no 
Imperial Committee had set foot before. In these pages, an 
expression of their grateful thanks for the hospitality which 
was showered on them everywhere, especially by officers of the 
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Agricultural Department, may perhaps be permitted. The Report 
proper is divided into two parts, the first of which deals with the 
agricultural and irrigational aspects of the problems which confronted 
the Committee and the second with their commercial aspect. The 
first part is again divided into chapters in which the cotton-growing 
provinces and Indian States are dealt with separately, ai'.d ends 
with some general recommendations regarding agricultural work 
on cotton. The second part contains four chapters only, a lei'gthy 
one on general commercial questions, more especially the question 
of preventing nmlpractices in ginning and pressing factories, one 
on. cotton forecasts and statistics, one in which the establishment 
of an East In.dkn Cotton Association in. Bombay, whkih will super- 
sede the present (.iotton Contracts Board, is recommended, and 
another in whi(!h the formation of a Central Cotton Committee 
to act as a link between, the Agricultural Departmeiit and the trade 
is advocated. 

The summary of the views and recommendations in the Report 
occupies fourteen pages of the octavo edition, sufficient evidence 
(»f the detail into which the Committee have entered. Whatever 
view may be taken, of tlieir proposals, there can. be no question, that 
the Repoi’t is a mii\e of inf<»rmation. on. all matters relating to Indian, 
cotton. 

The problem which the Committee set out to solve may be 
briefly described as being to .secure an improvement m the quality 
and outturn, of Ind.ian c(>tton. and at the same time to secure for the 
cultivator a better price for his improved product and increased 
outturn. The ways in. which this problem can be solved as revealed 
in the Report are by more research work, especially on tlie botanical 
side, improvements in. agricultural practice, the provision of irri- 
gation facilities, better organization, the prevention of malpractices 
which lower the reputation and ipso facto the price of cotton, and 
last, but by no means least, closer co-operation between the Agri- 
cultural Department and the trade. 

Of all the methods by which an improvement in the quality 
and an mcrease in the outturn of Indian cotton can be secured, the 
most important is botanical work, and the first point which strikes 
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the reader of the Pleport is the success of the efforts which the Agri- 
cultural Department has already made in this direction. In the 
Punjab, the United Provinces, the Central Provmces, Madras, 
and the Brwch, Kumpta Dharw^r and Kiandeah tracts of Bombay, 
it has already evolved strains of cotton superior to the local varieties 
in staple, yield or gmning percentage (that is, percentage of lint 
to the total output of lint and seed) and, often, in. all three. The 
Central Provinces with their 700,000 acres under roseum offer the 
best example of what such work has done to improve yield and 
gmning percentage, the Punjab with its 276,000 acres under Punjab- 
American and the Tinnevelly tra(it in Madras with its 220,000 acres 
under kamtkgmmi, the best examples of what it has done to improve 
staple as well. The staple of hirunganni is at least an eighth of an 
inch longer than that of the mixture known as Tmnevellys and its 
ginning percerdage is some 6 per cent, higher, Tlie staple of 
Punjab-American is about J to |ths inch above the average of the 
in.digenous cotton of the Punjab and, though its ginning percentage 
is much the same, its yield is much heavier so that the outturn of 
lint is much greater. In the other tracts in which the Agricultural 
Department lias evolved superior strains, they have been literally 
in the field too short a time to “ catch on ” in the way that 
kamwjamii and Punjab-American have done. In the Broach and 
Kumpta Dharwar tracts of Bombay, they have made but little 
Jieadway. One difficulty has been the lack of a suitable organiza- 
tion to push them. The breakdown of the Surat buyin.g Syndicate 
which was formed by some of the Bombay mill-owners proved very 
iletrimontal to cotton unprovement work in Bombay. Another 
obstacle to rapid progress is the fact that Broach and Kumpta cottons 
are varieties of herbaceum which, as pointed out in the Beport, is 
possessed of very stable characteristics. It is, therefore, difficult 
to secure anything in the nature of a recognizable improvement in 
it. This also applies to the Westerns cotton of Madras. In that 
tract and in the adjacent Northerns tract, the Ag;ricultural Depart* 
ment has put out two improved strains, Hagari No. 1 and Siccai 
No. 2, but their superiority over tlie local cotton has not been suffi* 
cieutly marked to justify perseverance with them and it is, therefore, 



KEPOBT OF THE INDIAN COTTON COMMITTEE 70!^ 

proposed to make a fresh start with two other selections, No. 26 
in the case of Westerns and No. 14, an especially fine strain, in the 
case of Northerns. 4 F does not represent the last word in American 
cotton for the Punjab and the Committee recommend further 
experiments with 280 F and 285 F, strains which it may be of 
interest to mention have proved exceedingly successful in Captain 
Thomas’ experiments in Mesopotamia. The Committee; again, 
are not satisfied that roseum in the Central Provinces and Kiiandesh 
and Aligarh white-flowered cotton in the United Provinces represent 
the uUima thule of the Agricultural Department, and are anxious 
to see further efforts made to evolve a superior variety of mgleclmn 
or indicum or a cross betweeii. them which can. compete successfully 
with roseum or Aligarh white-flowered cottoi'. ii\ the uuitter of profit 
to the cultivator whose interests, it nuiy here be stated, have been 
the predominating consideration with the Conunittee throughout. 
It will be seen tliat there still renuiins a vast field for botanical work 
in tracts in which superior straii’.s have already been evolved. There 
are also large tracts in which no botanical work has yet been done 
at all. Hyderabad, which produces over oi^e-seventh of the cotton 
grown in India, is the most importan.t of these. Others are the 
Coconada tract in Madras and the Dholleras tract in Bombay. 
Very little work has been doire on the ii'digcnous cottons of the 
Punjab, and the Committee regard botaiucal work on Cambodia as 
the most urgent of the problems affecting (sotton in the Madras Pre- 
sidency. Burma is also pracitically untouched. The ten botanists 
the Committee recommend should be added to the Agricultural 
Department for work on cotton will thus find ample employment. 
This addition will enable more attentioi*. to be paid to crossing, the 
possibilities of which liave been revealed by Mr. Leake’s important 
work at Cawnpore. 

Improvements in agricultural practice tend more to an increase 
in the outturn of cotton than to an improvement in its quality. 
It is too much to expect that the 85 pounds of cleaned cotton which 
is all that India produces to the acre will ever be increased to 200 
pounds per acre as in the United States but much of the leeway can 
doubtless be made up, if the detailed recommendations made by the 
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Committee after careful examination of the conditions in each 
province, are carried out. The most important improvements 
advocated are the spread of the practice of sowing in lines and of 
inter-culture and the working out of suitable rotations which should 
include, wherever possible, heavy yielding leguminous fodder crops. 

Extensions of irrigation are of special importance in the case 
of cotton for, in addition to the increase of acreage and outturn 
they secure, they also mean an improvement in quality. The 
increase in acreage is an obvious result, for such extensions permit 
cotton to be grown where it was not grown before. The mcrease 
in outturn per acre is equally obvious, for irrigated cotton yields more 
heavily than unirrigated. The improvement in quality is not so 
obvious but it is secured by the substitution of the better varieties 
of cotton which require a longer growing season for the shorter 
stapled on.es. Broadly speakiiig, extension of irrigation means the 
cultivation of more AmericaJ'. cotton for, in the Peninsula in which 
the longer stapled, indiger'ous varieties are grown., cotton, is not an 
irrigated, crop except in the case of Cambodia under wells in Madras. 
Of the three groat cotton -growing provinces of the north of India, 
Sind holds out the greatest possibilities and up till now has the 
poorest performance. Fifteen years or so ago, 200,000 acres of 
Egyptian cotton, were expected in the course of a few years. In 
1917, practically no Americai'. cotton was grown except on the 
Government farms. The Committee have no hesitation as to the 
cause to which this disastrous failure to realize expectations is to bo 
ascribed and the whole of the chapter on Sind is a powerful plea for 
the immediate construction of the Sukkur Barrage across the Indus 
which would “transform some four and a half million acres of 
culturable land, at present sparsely populated and indifferently 
cultivated, into one of the richest and most prod,uctive tracts in 
India.” It would incidentally result, according to the Committee’s 
very moderate estimate, in an area of 660,000 acres under cotton, of 
which about two-thirds should be cotton of longer staple than any 
at present grown in India, not excepting the best Cambodia, 
and at least Ij inches in length. If the yield were no more than 
160 pounds of lint per acre which the Report states is the outturn 
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of irrigated lands in the Punjab, this would mean an addition to 
India’s supplies of long staple cotton of 160,000 bales. In. the 
Punjab, the Committee anticipate a total of 465,000 acres under 
American, cotton under existing canals in the course of two or three 
years against a total area of 276,000 acres in. 1917, and a further 
addition of 200,000 acres if three big iirigatioii projects under 
contemplation are carried out. Outside Sind and the Punjab 
the prospects of long stapled cotton under irrigation are much more 
nebulous. The area under Americair cotton in the United Pro- 
vinces might increase from the few thousand acres at present to 
135,000 acres under the Ganges and Agra Canals, provided a suffi- 
ciently high premium for it could be assured. The addition of the 
proviso sluiws that the Committee were not very hopeful about 
American cotton in the United Provinces and that there is uphill 
work in Iront of the Agricultural Department in those provijices if 
it is to succeed. There are seme small possibilities for Puujab- 
Amerioau in the North-West Frontier Province, for Cambodia on 
the latcritic s( ils in the east of the Central Provinces and lor Cam- 
bodia (r Upland Georgian on lands which formerly grew poppy in 
Central India. The cultivation of Cambodia under wells should, 
.spread in Madras but it is impossible to make any estimate of 
the jrospccis as no si ivey of suitable lands has been carried out. 
’Phe only recommendation in the Report in regard to indigenous 
varieties under irrigation is that liberal takaii advances should be 
granted for the construction of wells in North Gujarat where greatly 
increased yields have been obtaiired in the Kaira District in such 
conditions. 

The " better organization ” wdiicb was mentioned at the outset 
includes the organization both of tlie Agricultural Department and 
the cotton trade. To the recommendations the Committee make in 
regard to the organization of the trade reference will be made later. 
As for the organization of the Agricultural Department, it will be 
obvious that if the cultivator is to grow better varieties of cotton 
and to obtain the proper price for them, he needs all the advice and 
assistance the Agricultural Department can give him. If the 
selection and distribution of pure seed are to be controlled by the 
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Agricultural Department in the manner best suited to the local 
conditions of each tract,” a large increase in the number of seed 
farms is necessary. If the Agricultural Department is to demons- 
trate on the requisite scale the usefulness of improved agricultural 
implements and to convince the cultivator of the advantages resulting 
from the use of manures and from good cultivation, a large increase 
in stall is necessary. Such an increase is, above all, necessary, if 
the Department is to be in the best possible position to assist the 
cultivator in getting a better price for a superior product. The 
various ways in. which this end can be secured are discussed in the 
Report. Warned by the fate of the Hurat and Sind buying Syndi- 
cates, the Committee decid.c against buying agencies. The prospects 
of co-operative sale arc hopeful but this is an agency the growth of 
which cannot bo forced and somethijig else is required. The Com- 
mittee, therefore, advocate an extension of the system of auction 
sales of unginned cotton which has proved so successful in the 
Punjab, but consider that the Agricultural Department shoiJd not 
in any one case attempt to deal with moie than 60,000 maundsof 
cotton which would give it con.tnd over 40,000 maunds of seed. 
After that, the sales should bo handed over to other agencies, but the 
Departnrent would still be called upon for advice and assistance in 
regard to such matters as gradii’g, classification and the settlement 
of disputes. All this means a considerable expansion of what it is 
now the fashion to call “ organization ” and the additions to the 
staff of the Agricultural Department recommended by the Committee, 
apart from the ten Botanists mentioned above, an Entomologist 
for the United Provinces aird an Imperial Mycologist, are one 
Director of Agriculture for Bind, thirteen Deputy and Assistant 
Directors of Agriculture belonging to the Indian Agricultural Service 
and three Assistant Directors belonging to the Provincial Service. 
For Indian States, the immediate additions proposed are two 
Directors of Agriculture and two Deputy Directors. The subor- 
dinate staff must, of course, be in.creased proportionately. The 
total annual cost of these proposals is estimated at Rs. 14 lakhs, 
which cannot be considered excessive in view of the importance 
of the cotton crop to India. 
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It if» of little use for the Agricultural Department to spend its 
energies in inducing the cultivator to grow pure or siipeiior varieties 
of cotton and to pick them clean, if he is prevented fronx securijxg 
the proper price for them by malpractices which he is powerless to 
check. The Committee give the cultivator a good character in this 
respect and state that the malpractices for which he aixd the village 
hania are responsible are of minor importance compared with those 
which are carried on in ginning and pressing factories. The reconx- 
mendations in the loixgest and moat important single chapter of the 
Jlcport are directed to securing an improvemeixt in the conditions 
which have nuxde Indian cotton “ a byword in (sertain markets 
almost throughout the history of the British conixexioix with India.” 
The opening of central nxarkets oix the Berar systeixx which enables 
the purchaser of cotton to see what he is buying and to pay for it 
accordiixgly, the publication of cotton prices in up-country nxarkets 
in a way which will eixable the cultivator to xuiderstand their true 
aigixificpnce, and the standardization, of. weights on the basis of a 
cotton maund of 28 pounds, which will prevent his being cheated 
by the middleman, are all measures calculated to bring about the 
desired effect, but far more important than any of them is the system 
of licensuxg ginning and pressing factories which is recommended 
by the Committee. For the details of this schenxe, the reader muvst 
be referred to the Report, itself. SuflicQ it to say that, in future, 
the way of the offender will be very much harder than it has been 
m the past aixd that it should ixo longer be possible to fob off the 
man who produces a superior variety of cotton with the price of 
the inferior stuff with which it has hitherto been far too often the 
practice to mix it. Warned by the history of the Bombay Cotton 
Frauds Act, the Committee have worked out a scheme which 
involves the minimum of interference with honest factories. There 
will be no inquisitorial inspections by poorly paid subordinate 
offioials which was the great grievance against the Bombay legis- 
lation. Complaints will be made by the sufferers and will be 
investigated by Committees on which the trade will probably have a 
preponderance of representation. If the trade is satisfied with bad 
Qotton and prefers to pay for rubbish, there will, of course, be no 
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oomplaints and things will remain much as they are, but it is incon- 
oeivable that this should be so. Even if it is, one fruitful source of 
mischief will be removed for, imder the Committee’s proposals, the 
transport of cotton waste or of short staple cotton from one tract 
to another for the purpose of mixing with better varieties will be 
prohibited. 

The chapter on cotton forecasts and statistics generally is worth 
study for many of the recommendations in it are applicable to 
other crops tlian cotton. Considerations of space prevent more 
than this brief reference to it. 

We mentioned above that the Committee have suggested not 
only better organization of the Agricultural Department but also 
of the cotton trade. The way in which they propose that this 
should be brought about is by the establishment of a Central Cotton 
Trade Association in Bombay which, as far as control of the cotton 
trade is concerned, will take the place of the seven distinct bodies 
representing different branches of the cotton trade which existed 
at the time the Report was written and still exist, though the func- 
tions of two of the most important of them, the Bombay (Cotton 
Trade Association and the Bombay Cotton Exchange, are at present 
exercised by the Cotton Contracts Board. The “ East India Cotton 
Association ” will be the permanent successor of the latter and 
there can be no doubt that its establishment will have a far-reaching 
effect in stabilising the price of cotton to the ultimate ben.efit of the 
cultivator. 

In their last chapter, the Committee make provision for the 
much needed link between the Agricultural Department and the 
cotton trade. There can be no question that, valuable as the work 
which has already been accomplished by the Agricultural Depart- 
ment in improving Indian cotton, it would have been much more 
fruitful in results had there been closer co-operation between it and 
the cotton trade. Up till now, each of them has been amazingly 
ignorant of what the other has been doing. It would be an un- 
profitable task to apportion the blame for this. As the Irishman 
said when asked why an unpopular landlord had not been shot, 
what is everybody’s business is nobody’s business. There will, in 
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future, be no excuee for ignorance, for all interested in cotton, whether 
agriculturally or commercially, will be able to turn to the Central 
Cotton Committee for advice and assistance. It is proposed that 
this Committee should consist of about twenty members of whom 
nine will be officials. These will be the Agricultural Adviser to the 
Gk)vernment of India who will be President, six agricultural experts 
working on cotton in the six great cotton-growing provinces, the 
Director Gleneral of Commercial Intelligence and the Director of 
Statistics. The remaining members, with the exception of a repre- 
sentative of the Co-operative Department who may be either an 
official or a non-official, will be representatives of Chambers of 
Commerce and similar bodies and will include a representative of 
Lancashire interests. Though the fimctions of the Committee are 
to be almost entirely advisory, its advice will be the best expert 
advice obtainable and will be of special importance in regard to the 
working of the system of licensing of gins and presses, as the penalty 
of withdrawal of the license of an offending factory will be inflicted 
on its recommendation. The Agricultural Department will no 
longer be in the dark as to what the trade really wants nor, as has 
been the case very frequently in the past, will it be confronted with 
conflicting reports as to the value of its improved strains. The 
services of the Technologist whom it is proposed to add to the staff 
of the Committee will be very valuable to it in the latter connexion. 
It should be mentioned that the Central Cotton Conamittee will 
work to a large extent through provincial and local sub-committees. 
If it becomes an accomplished fact, it should lead to an immense 
development of one of the most important raw materials which 
India produces. 
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WYNNE 8AYER. E.A., 

Tmp( rial AgrIcaVarisl. 

It being clearly evident from reports received from home that 
a type of motor tractor for agricnltiiral work had been evolved 
which was capable of doing excellent work under ordinary farm 
conditions, arrangements were made to secure the first tractor 
imported into India of the type most likely to suit Bihar conditions 
in order that a trial might be undertaken on the farm at Pusa in the 
benefit of the agricultural public. The Fordson was c.hosen for 
foiir very obvious reasons : — 

1. It was light and handy. 

2. It was fully supplied with spares. 

3. It was likely to be available very shortly, it was cheap, 

and if the demonstration was successful no difficulty 
would be experienced in procuring others. 

4. It had done excellent work in all hands and under all 

conditions in England and was obviously a type of 
tractor which had been thoroughly tested. 

It will perhaps be best to give a description of the Fordson 
here which, coupled with the photographs (Plates XXII-XXV), 
should make its details fairly clear to all. 

The Fordson motor tractor is so constructed that the engine 
and all the working parts form the frame of the machine. A unit 
“ Power Plant ” is bolted to and forms a unit with the rear axle 
in the shape of a big T. In this T are stowed all the working parfis^ 

( 710 ) 



PLATE XXII, 



Fordson Motor Tractor: view of engine from intake side. 
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The T is motinted on four solid wheels. The wheel base is 63 inches 
and the tread is 38 inches. The tractor will turn in a 21-foot circle. 
The rear wheels are 42 inches in diameter with 12-inch rims. Over- 
all length is 102 inches, height 66 inches and width 62 inches. The 
total weight of tractor is 2,700 lb. with water and fuel tanks filled, 
which hold 11 gallons and 21 gallons respectively. 

The tractor can be used for a double purpose — both for hauling 
and ploughing. Its capacity as regards the latter is two 14-inch 
ploughs which are hauled at 2f miles per hour with the engine 
running at its normal speed of 1,000 r.p.m. The drawbar pull at 
ploughing speed is 1,800 pounds, which is increased to 2,600 pounds 
at low speed of IJ miles per hour. For road work and rmaning light 
from place to place, there is a speed of 6| miles. The reverse is 
2| mUes an hour. For stationary work, a pulley is fitted on the aide 
of the tractor and operated from the engine clutch. Twenty-two 
horse power is available at the pulley which runs at 1,000 r.p.m. 
The pulley is 9 inches in diameter and us ^s a six-inch belt. 

The engine has four cylin.ders, each 4x6 inches. Petrol is 
used for starting, and when the vaporiser is sufficiently heated, 
kerosene can be substituted. The consumption of fuel varies 
naturally with the conditions, but is said to be not likely to exceed 
2J gallons of kerosene per hour on the average. When the engine 
is at stationary work and running on full power, the consumption 
amounts to two and three-quarter pilous per hour. 

The cost of the Fordson tractor is Bs. 4,260 f. o. r. Calcutta, 
and the Buasa Engineering Works, Ltd., Calcutta, are the agents 
in India . 

The tractor unfortunately arrived in India without any of the 
implements with which it was meant to be worked, but as it was 
all important to get some idea of its powers under Indian conditions 
(the quality of the work done being purely a question of the imple- 
ments used), it was decided to use it with the implements available 
on the farm which, not having been designed for tractor haulage, 
made the test extra severe. 

The tractor was worked on the farm for some days previous to 
the trial in ^der to familiaxiBe the farm staff with it. 
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It ms a welcome suxpriae to find from the start that at last 
an agricultural motor had been evolved which was obviously desired 
by some one who did really understand what was essential in dealing 
with agricultural conditions. Previous experiences in this line had 
shown us that whatever might be said in pamphlets, up to the intro- 
duction of the Fordaon, no motor had been tried in India which 
would work under ordinary agricultural conditions ; but here there 
was a total absence of the wild ideas about Indian conditions usually 
incorporated in agricultural machinery imported into India. The 
tractor proved easy to handle. The engine was exo^tionally 
accessible in all parts (what this means, only people who have had 
to do running repairs to an American engine can tell). It was 
undoubtedly powerful, exceptionally handy and easy to drive ; and 
as soon as the method of startir.g on petrol and the switching over 
on to kerosene had been explained, there was nothing else that the 
average misiri with a small kixowledge of motor cars could not easily 
grasp ; and once all those who drive a Fordson have found out by 
personal observation that if you let your clutch in too quick when 
in a bad place, the tractor rears up, you do not need to repeat 
the warning. This is the only risk other than those inseparable 
for the average moving vehicle and must be carefully guarded against 
and I wmdd take this opportunity of warning all users of Fordsons 
in India about it. Some means of switching oft the engine directly 
the tractor starts to come up, will have to be found, as a machine of 
this lightness and power will always wind itself up on its back axle 
under such circumstances. There is also a chance of burning out 
the vaporising tube if you allow the engine to run too long on petrol 
before switching over, and some means should be invented of outtii^ 
off the supply of petrol before this can happen in cases where, either 
from ignorance or accident, the engine is left r unning on petrol too 
long. A spare vaporiser tube should also be kept handy, and 
with the usual couple of spare plugs in reserve, no trouble should be 

experienced in runnmg, provided the usual care is taken with oil 
and water supplies. 

The land chosen for the trial was a piece of typical oat stubble 
which, owing to the continuous dry weather, had worfc^ down pre% 
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:or trac woi ng Ransome’s 8 ne cultivator. 
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hard. A piece of land, 400 yards x 20 yards, was marked out for 
the ploughing and another similar strip for the cultivator. 

The tractor was first hitched to a double-furrow Eansome’s disc 
plough which is puUed as a rule by three pairs of big bullocks. It 
worked this easily, the engine running with a good reserve on second 
speed and the way in which tractor and plough turned on the small 
head land was remarked by every one. Judging from the pace at 
which the work was done and the reserve which the tractor had in 
hand, it seems that it will be possible to do the class of plou^ing 
required on such lands with a three, instead of a double, furrow 
plough. 

A Ransome’s 8-spring tined cultivator was then attached and 
another strip was grubbed at a depth of 5 inches. The way in 
which this work was done was especially iwtable .for the ease with 
which the cultivator worked the land and the rate the tractor 
travelled at, and many present thought this method of dealing with 
stubble to be preferable under Bihar conditions to ploughing. The 
work done by such an implement, workin.g .3 feet wide with 8 tines, 
a]^roxiraatea to that of the average iron plough used which while 
loosening does not invert the soil, while the breadth covered by the 
cultivator at each run is equal to 5 ploughs. 

A rake of 3-spring toothed harrows was then run over the 
ploughed portion and much interest was displayed at the way the 
tractor travelled over a loose surface, showing no sign of poaching 
or failuie to grip the soil. 

A Cambridge roll was then worked over the ploughed land 
and the remarkable efficiency coupled with the extreme lightness 
and handiness of the tractor, became evident. She travelled over 
the ploughed land easily and quickly, doing the work perfectly effi- 
ciently and finding no trouble from the depth and looseness of the 
soil, and the driving wheels, while breaking up the clods, did not 
pack the land at all. The tractor was very carefully watched with 
regard to this as it has been the chief thing to be feared with a 
mechanical pcimo mover working over the land. 

The tractor was then run off the land and driven on top speed 
up to the farm buildings where the driving pulley was fitted and the 



714 AGRICULTURAL JOURNAL OF INDIA 

Climax silage outter worked for half an hour. The engine took the 
load easily and ran regularly and steadUy. Despite the extreme 
heat of the day, at no time did the water in the radiator approach 
boiling point, and the method by which the air taken into the 
carburetter is filtered thiou^ water, enabled the tractor to work 
in the heaviest dust without any choking. In short, the demon- 
stration and trial, as far as proving the capabilities of the tractor 
went, were perfectly satisfactory. It now remains to test the 
tractor for fuel consumption, etc., and to watch its behaviour and 
work over a period in the hands of the average rmstri. Testa to 
this end together with trials of the moat suitable implements, espe- 
cially for Bihar conditions, will be conducted, and I would take the 
opportunity of replying to all — and their number is legion — of the 
people who have spoken and written to me about this tractor as 
follows : — ^The tractor is under trial and I can express no opinion and 
give no figures yet but a report will issue in due course. A set of 
photographs taken by the cinematograph (Plate XXVI) illustrate this 
article showing the machine at work, and I shall be only too glad 
to show any one the machine working any day if they will write to 
me and fix a date. 

I hope in the near future to have an engineer working in colla- 
boration, as these experiments will require combination of engineer- 
ing and agricultural knowledge to enable them to be thoroughly and 
satisfactorily carried out. 






Motor tractor trial views (rom cinematograph (ilm. 



VEGETABLES DURING THE MESOPOTAMIAN 
CAMPAIGN. 


BY 

Captain G. C. SHERRAED, 

Deputy Oontroller {Agricultural Requirements, Mesoyoiamia), Indian Munitions 

Board. 

U is the lake known as Um-el-Brahm 
Which guards our left flank from all possible harm 
And waters old Gomigee's barley farm 
In the middle of Mesopotamia. 

Mesopotamian Alphabei, 

I BEGIN with the above quotation from that delightful doggerel 
the Mesopotamian Alphabet, because it is the first popular reference 
to agriculture made by the army in Mesopotamia. Unfortunately 
I can find no one who can tell me who Gonaigee was, or where his 
farm. 

I should like to talk about the Mesopotamian Alphabet, because 
I believe it contains, if read with sympathy, a real guide to the 
spirit of the old army, the army that fought its way under great 
difficulties to Ctesiphon, and nearly to Baghdad. The men who 
knew that things were going wrong, but, because soldiering was 
their “job,” did not rave, or stop, — ^they joked. In the Alphabet 
the laugh at the ruling powers has something of an edge, but 
that at individual services is good-natured chaff, without a sting. 
The army that produced the Alphabet knew that the medical service 
was ill-equipped, that the transport was breaking down ; but it also 
knew that the individual doctor Was working night and day, that 
8iii|;le transport officers were trying' to do alone work that was later 
given to four or more, paying in mind and body for the strain. 
All this was changed. When I arrived the change had well begun ; 
but I heard and saw enough to make me realise what went before. 

( 716 ) 
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Later, a new generation arrived, while conditions altered greatly ; 
so the Mesopotamian Alphabet was very near forgot. 

This, however, is not a paj)er on Mesopotamia, or the army, 
old or new, but only an account of the work of a branch of the 
Indian agricultural department, planted out behind that army in 
the field. It is unfortunate that the account contains so much of 
the letter 1, but, as I have been asked to write a description of my 
work, and have not the necessary literary skill, I have had to do it 
the easiest way — ^tind I ask for your indulgeiuc. 

I believe that Mr. Maxwell-ljefroy first suggested that a member 
of oui‘ department should go to Mesopotamia t(j grow vegetables and 
help to fight scurvy, when he returned from a tour in that country 
midertaken to advise on the destmetion of flies. The proposal was 
seconded by Mr. Mackenna, and, 1 ani glad to sjiy, 1 was chosen 
for the work. 

On August 13th 1916 1 received a copy of a letter from the 
Government of India, which said, “it is proposed, with a view to 
obtaining supplies of fresh vegetables for the troops in Mesopotamia, 
that the Agricultural Department in India should assist in the 
introduction into that country of vegetable cultivation by lending 
to the Army Department the services of a Deputy Director of 
Agriculture with a staff of malis, and that Mr. 8herrard * * has 
been suggested as the most suitable * * jf * ♦ jg 

willing to undertake the duty * * (he) should be instructed to 
engage twelve malis.” This raised many questions ; but chiefly, 
two. Wliat, exactly, was experted ; and, why twelve maUs ? A 
visit to Simla did not elucidate matters to any great extent. There 
was an unformed idea that a vegetable farm should be started, but 
no explanation as to the reason for the precise number of twelve 
malis. The most definite statement was that of General Bingley, 
who said, “ There are 176,000 men in Mesopotamia, and hardly any 
vegetables.” Perhaps no one else put the facts so plainly for fear 
of scaring me out of my wits, even as it was I had a strong impulse 
to fly, and bury myself in the uttermost wilds of Bihar. 

The next step was to collecfi the twelve malis. In those excellent 
market gardeners, the kdris round Bankipore, I thought 1 had 
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exactly the right material to my hand. But the koiri is timid, 
painstaking, and averse to leaving his native home (for whicli reason 
he is much sought after by landlords), and, though 1 had no difl&- 
culty in finding twelve good men, nothing would induce them to go 
to Mesopotamia, and they invariably bolted the day before they 
were to be entrained. It was very miicb. like taking a sieve of oats 
to cat(!h twelve shy colts loose in a large field. Obviously it 
was more important to find out what was happening to the 175,000 
men with no vegetables, than to waste time endeavouring to over- 
come the coy rehudam^e of the kmris of Bihar. 8o 1 proceeded to 
Bombay. 

1’here, and at Poona, through the good offices of the Director 
of Agi'iculture and the hlconomic Botanist, 1 was able to collect 
seven out of the twelve malis, and to make arrangenxents for veget- 
able seeds to be sent out to me from India as required. 1 then ieft 
for Basrah, where I arrived cju September 16th 1916 and reported 
to Brigadier-General P. C. Scott, C.B., Director of Supplies and 
Transport, Mesopotamian Expeditionary Force. After some con- 
sultation, it was arranged that work in (;onnection with the produc- 
tion of vegetables should liecomc part of the S. & T. organization, 
and 1 was put under the orders of the D. S. & T. 

It was now that 1 fully understood what was expect-ed of the 
agricailtural expert. Scurvy cases were being admitted tcj the 
hospitals at the rate cd 3,000 a month, and evacuations and deaths 
were very numerous. There was a definite hope, therefore, that 
sufficient vegetables would be produced, to provide everyone with 
the regulation daily ration of 12 oz. of fresh vegetables for British 
and 6 oz. for Indian troops, and to stamp out the disease. How- 
ever, though this was the object to aim at, the authorities were quite 
willing to admit that it was difficult to obtain, and that the full 
ration could only be raised with time, if at all. Their attitude, and 
particularly that of General Scott (with whom I dealt direct), was 
extremely helpful, and created a pleasant atmosphere to work in. 
It was as if they said : “ You understand that the position is serious. 
As an agriculturist you will know best how to produce the vegetables. 
We will not interfere, or hamper you, and will give you what you 
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ask for (as far as this is possible among the conflicting demands of 
many important works) ; and then we hope for results.” This ie 
the army way, and it is a pity that it is not more common in civil 
life. 

Later on arose the question of my official title. “ What shall 
we call you ? ” “ Anytliing that you think will do.” “ What were 
you called before, in your own service ? ” “A deputy-director of 
agriculture.” “ Well, that is quite a good name, go on calling 
yourself that, imless scmcone objects in the future.” And so it 
became, temporarily, an official title in the S. & T. Corps. It was 
interesting — and, perhaps, amusing — to be the first deputy-director 
of agriculture ever attached to a British force in the field. The 
following pages attempt to show the doings of this small agricultural 
department up to the end of 1917, when it passed over to civil 
administration, and its story more properly belongs to the early 
history of the Mesopotamian agricultural department. 

I. Before the advance. 

You all know the position in Mesopotamia in tSeptember 1916, 
and here (as elsewhere in this report) it is only recalled sufficiently 
to explain what follows. 

The army was holding the lines at Sannayat and Sinn, on both 
banks of the Tigris, and its supplies were sent up the river 243^ 
miles, by steamer and barge, from Basrah to the advanced base at 
Shaikh Saad. From there they went, either by a light railway up 
the right bank, or by smaller boats to Arab Village, 22 miles further 
up the river. 

The facilities for unloading the steamers and loading the river 
barges at Basrah were improving with almost marvellous rapidity, 
and continued to improve. But the railway from Qurnah to Amarah 
had not yet been built, and the whole line depended upon the river 
craft, a miscellaneous collection of paddle-boats and tugs, that had 
been recruited from all corners of the Empire. East Indian Railway 
boats, that had ferried the ryot across the Ganges ; stern- wheelers, 
that had taken the tourist up the Nile ; London County Council 
boats, that had carried the cockney on the Thames ; Irrawady boats 
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from Burma; harbour tugs from Rangoon ; all now painted the same 
light grey, each with a couple of barges, toiling up and down. Their 
numbers were constantly being increased, but none of those specially 
built in England for the work had yet arrived, and the cry was 
always for more. 

The advanced base at Shaikh Saad was a large, long canrp on 
the right bank, with a tiny uninhabited Arab village tucked away 
in one corner of it,-— aerodrome, hospitals, rest camp, troops, 
ordnance, supply depot (largely supply depot), a bridge of boats, 
and a bridge-head on the other bank ; the whole protected on the 
landward side with defence posts and continuous barbed wire. To a 
new arrival the general impression of the place — besides dust- was 
of innumerable gangs of khaki-clad men slowly currying boxes and 
bales from barges and dumping them on the foreshore. Sometimes 
they were fatigue parties, but usually they were coolies— men of 
the porter corps. No Arab was allowed within rifle shot of the 
place (though he often crept in, uninvited, at night, to steal — and 
occasionally to stab), and all the work was done by the force. Though 
the labour and porter (xirps were steadily increasing, there was not 
then, nor for a long time, enough labour to supply the various 
demands ; every cooly might almost be said to be fought for among 
the many departments demanding his time. But all this was on 
paper, the actual individual went on quietly carrying his box of 
biscuits to the shore, or his basket of earth to the bund, without 
showing any particular concern. 

Having completed the journey to Shaikh Saad, a report was 
made on the possibility of importing potatoes and onions from 
India. Various attempts to do this had been made in the past but 
without success ; nor was this to be wondered at, judging by the 
stories of the men on the ocean-going steamers and the river craft. 
The potatoes had been packed in sacks, treated as ordiirary cargo, 
and placed in the hold, sometimes Avith other goods on top of them. 
They then had to be transhipped at Basrah, first to the shore and 
then to the barges, where they were again heaped up. 1 was assured 
that in some cases they were half rotten before they left India, they 
were certainly often bad before they reached Basrah. It was, 
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therefore, su^ested that potatoes should be carefully selected and 
picked over in India, packed in crates, kept ventilated and unbruised, 
treated as perishable goods, and sent up the line with despatch, 
when it should be possible to supply the force, without a prohibitive 
loss, for the greater part of the year. One or two other letters and 
suggestions were submitted on the subject, and the authorities in 
India took the matter up. The result was a very great improve- 
ment, so that even in the heat of June 1917, potatoes were arriving 
as far up the line as Sjimarrah, 70 miles above Baghdad, with a loss of 
less than 50 per cent, in transit ; a journey which, measured in time, 
is probably the longest that potatoes have ever been sent in large 
quantities. A loss of 50 per cent., however, was too large to make it 
worth while importing potatoes during the hot weather, and the 
export from India was stopped during May ; it being arranged that in 
future potatoes should not be shipped between the end of April and 
the middle of September. Onions were received throughout the year 
but, as the local supply of fresh vegetables increased, the quantities 
were gradually reduced, and the importation ceased at the end 
of 1 917 . Though there was a very rapid improvement in this supply, 
there were, of course, mistakes at first (for example, furious wires 
were flashing about, in December because numbers of potatoes were 
still arriving crushed in sacks, in January because some harassed 
officer had sent them up the line in country boats, whw^h took ten 
days to reach Amarah alone, where the potatoes arrived bad), biit 
these were gradually almost entirely eliminated, and were due, as 
were similar incidents in other branches of the work, not to any 
difficulty in convincing those in authority of what was required, 
but to the impossibility of educating a large number of hard- 
worked and constantly changing juniors in the correct way of 
treating a travelling vegetable. 

The advantage of a vegetable garden at Shaikh Saad had been 
realized for some time, and four and a half acres had been set aside 
latterly for the purpose, while two noiria pumps had been ordered. 
Four and a half acres, however, would not go very far, so fifty acres 
were selected, with some difficulty, for a farm. It was found 
impossible to obtain more than this, as the area had to be inside the 
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defences, and was further circumscribed by the camps and roads, 
and the salt patches so common along the lower Tigris. An oil- 
engine and pump, together with various implements, were ordered, 
and plans drawn up for irrigating and laying out the farm. I then 
proceeded down- stream to Amarah- 

Amarah, actually a small place, is the most impoitant town 
between Basrah and Baghdad. It is situated 112 miles by river 
below Sliaikh Saad, at the junction of the Tigris and the Chahala 
canal. As at Shaikh Saad, the whole place was surrounded by block 
houses and barbed wire, but the local Arab was much more encour- 
agetl, as he was less ol)streperous. True, he was instantly fired at 
if seen by the sentries outside t!ic perimeter at night, while if he 
lived in the town he was encouraged to go to bed at an early hour, 
but during the day he was allowed to wander about almost at will, 
to attend to his own affairs, to occupy himself with his cultivation 
or to work for us in the depot or on the roads. 

A second canal, the Mashera, takes off from the Chahala just 
after the latter leaves the river. There are thus three streams (the 
Tigris, the Chahala and the Mashera) from which water may be 
raised to cultivate the land, irrigation from all tliree being by lift 
and not by flow, except when the river is in full flood. Several 
forms of water-lifts and pumps were in use : noiria pumps, a wheel 
with an endless chain of small buckets, worked by a blindfolded 
pony and a primitive wooden gear ; diereds (the m/tote of India), 
large leathern bags with a trunk at the end, self-discharging, and 
attached to a diminutive pony or cow that raises the bag by going 
headlong down an extraordinarily steep incline ; even several oil 
engines and centrifugal pmnps. The cultivation is a narrow strip 
on each side of the three waterways. Near the town a number of 
date groves, among these and on fields further out the laud is put 
down under barley or wheat ; and in and out among the date palms 
were small patches of vegetables. 

On October 13th 1916 a report was submitted giving proposals 
for carrying out the work which were much the same as those on 
which it ultimately developed. The area necessary to provide the 
vegetable ration for the force was very much larger than was 
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generally supposed, and all ideas that a few acres here or there 
would suffice must be abandoned. The fifty-acre farm at Shaikh 
Saad would be put under cultivation as poon as pumps, implements 
and men were forthcoming, but the main supply must come from 
elsewhere. If this was grown by military labour, it would require 
a large number of men, who at present were not available, besides 
pumps and implements. It was more advisable, therefore, to 
utilize Arab labour, and to extend the present vegetable cultivation 
in such places as Amarah and AJi-al-Gharbi, where irrigation facilities 
already existed, or could be increased on existing lines. To get the 
best results, however, besides the agricultural side, comprising the 
general supervision of the crops sown, it was essential that there 
should be prompt payment in cash for the produce when harvested. 
Again, as work with the aid of local cultivators, under existing 
conditions, would have to be undertaken some way behind the 
lines, it was of the utmost importance that the vegetables so obtained 
should be collected in one place as soon as possible after harv'est, 
carefully packed, and immediately sliipped to the front. The work 
itself is described below under the three heads, growing, collecting 
and transporting. 

Growing. 

There was a general idea that no vegetables were grown in 
Lower Mesopotamia before the war, and that, therefore, the 
Arab knew nothing of their cultivation. This was not the case. 
That there were few vegetables is true, for the marsh Arabs, and 
those in the smaller villages, contented themselves with a kind of 
mallow and other plants that grew wild ; and this applies to the 
poorer classes in the towns. But in Basrafi, Amarak and Nasiriyah, 
fair quantities of vegetables were consumed by the inhabitants, 
though the number of men with experience in their cultivation was 
limited. In order to increase the production several difficulties had 
to be overcome. First, and most important, it was necessary to 
convince the landholders that vegetable-growing would pay, and 
that it was to their advantage to put their energies into this as 
much as into their date gardens. Secondly, labour was scarce ; 
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Amarah was not a large place, and the roads, railway, and other 
works, created a ready market at higher rates than the landholders 
could afford. Thirdly, heavy irrigation was necessary, and water- 
lifts or pumps had to he provided in addition to those already in 
use. Fourthly, seed was required. Lastly, the time for sowing 
the cold weather crops was rapidly passing. 

A meeting was immediately called of all the men having land 
in the neighbourhood, and they were told that a very large increase 
in the area under vegetables was required, and were assured that all 
vegetables produced would be bought, if delivered in goo<i condition. 
Their objections and difficulties were listened to, and, where neces- 
sary, further considered on the land and, if possible, removed. They 
were also informed that Government would look with favour upon 
those who showed a large increase, while those who did nothing 
rendered themselves liable to punishment. As far as this threat was 
concerned no action was ac tually necessary, though one or two men 
had to be warned again later on, and one man in particular, who 
owned an oil engine and pump which he seldom used, was told that 
if a stated portion of his land was not under vegetables within a 
given time, his pump would be bought for a price named and sold 
to a man anxious to use it ; his land was then sown. Two or three 
other meetings were held at intervals, and care was taken to 
impress upon all that the matter was to their advantage as well as 
ours. 

The agricultural work resolved itself into constant visits to the 
men in their fields, and in this I received very valuable assistance 
from Sergeant Wimshurst. Wimshurst was a student at Wye when 
war broke out, and enlisted in the l/5th Buffs, was wounded at the 
battle of Shaikh Saad, and later employed at the base where he 
learnt Arabic. He was transferred to me on November 16th 1916 
and shortly afterwards promoted to sergeant. Towards the end of 
1917 he was granted a commission at my request, and became an 
agricultural circle officer imder the new arrangement. I am glad 
to take this opportunity of recording his useful work. As he was 
in Austria in 1914, and only reached Holland on the morning of 
August 4th, it was unfortunate that the enemy could not be informed 
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of the potential Turk-killing power (by means of men saved from 
scurvy) that had slipped through their fingers. 

Advice and help was given to the growers, principally with the 
object of obtaining better results from their existing means, 
increasing these, and insuring as far as possible a succession of crops. 
Little help could be afforded in labour difficulties. In this, and 
similar cases, we could only say (if I may put it so) that, had the 
campaign been waged in order to provide the force with vegetables, 
it would liave been easy to supply them, but the issue of vegetables 
was only a small, though momentarily an unduly important item in 
the business of enabling the campaign to be waged. Comparatively 
little seed was distributed ; the growers were suspicious of Indian 
seed and preferred their own, which dribbled down from the north. 
How it came I do not know, nor did I enquire too carefully, lest 
I should draw undue attention to the fact (the blockade was not my 
business, and the seed was coming in, not going out), but when it 
was wanted it usually came. An imported oil engine and pump, 
which were available at Basrah, were sold to one of the most enter- 
prising of the cultivators and several noiria pumps were disposed of 
in the same way. Wood, which it was almost impossible for the 
Arabs to procure, was supplied for chereA rollers and noiria gears. 
A small two-acre garden was started as an object lesson in good 
clean cultivation. All this caused a substantial increase in the out- 
turn, which would have been larger had we been able to start earlier 
in the season, and had the XI II Division not occupied the greater 
part of the lift-irrigated land on the left bank above the town. 

Besides Amarah, similar measures were taken at Ali-al-Gharbi, 
Mudelil, Qalat Salih and Qurnah. Ali-al-Gharbi, 79| miles by river 
above Amarah, and 42 miles below Shaikh Saad, received particular 
attention and a pump, as it was the most northerly village where 
Arab cultivation could be used. The total out-turn was much less 
than at Amarah, as the inhabitants were few, but the proportional 
increase was greater. Mudelil and Qalat Salih produced enough 
for their garrisons. Qurnah made a good return, and, when the 
Qumah-Amarah railway was opened, sent vegetables to Amarah^ 
which were issued locally and released others for the front, 
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The following table gives the weight, in pounds, of the fresh 
vegetables purchased for the troops. 



Previous 

monthly 

Deo. 1916 

Jany, 1917 

Feb. 1917 


average 




Bought in Amarah 

(» 

210,755 

613,101 

490.488 

728,335 

Out-turn from Amarah Garden . . 

Nil 

Nil 

9.357 

7,850 

To Amarah from Qtirnah 

Nil 

Nil 

6,866 

173,012 

(2) 


Bought in Ali-a1-Gharbi 

48,;18S 

120,377 

95,801 

149,641 

Total 

259,143 

733,479 

602,515 

1,058,838 


(1) Avcrapfe for 6 months April-September 1910 There wore no reconls of 

(2) Average for 3 months August -October 1916 previous purchases, if any. 


It would be interesting to compare these figures with the returns 
for the cold weather 1915-16, but there were few vegetables and no 
records then ; on the other hand, the out-tun*, per acre is, on the 
whole, larger from hot weather than from winter vegetables. 

In addition to the work with the Arabs, various attempts were 
made to encourage direct cultivation by units at all places on the 
line of communication.. The results, however, were small, nor is 
this to be wondered at under the existing conditions. The marching 
posts, at intervals of ten. miles, were kept busy moun.ting guard 
and escorting, and the personnel, both at these and the larger 
places, was constantly changing. The best results were obtained 
at some of the hospitals. The first thing done at Shaikh Saad was 
to get boxes of cabbage seedlings sown by the seven malis, to be 
transplanted into land which two hospitals prepared. At Amarah at 
least three hospitals had already laid down good vegetable gardens, 
and arranged for their own seed, others followed their example. 
By one means or another, a fair amount was produced by direct 
cultivation, though much seed was unavoidably wasted. Unfor- 
tunately I have no defi)iite records of the results, those that I 
have show that seed was distributed to seventeen hospitals, posts or 
unita, — ^and there were certainly others. 



726 AOEICULTURAL JOUKNAL OF INDIA [XIV, V. 

Collecting, 

Formerly vegetables had been purchased through a contractor, 
and very little enquiry proved that (like most contractors) he made 
large profits. But it will be remembered that my first proposals 
demanded prompt payment in cash and the abolition of contractors 
as an essential part of the scheme ; and this was arranged for by 
what became generally known as the Amarah market. 

For this a convenient site was selected in the comer of a yard 
surrounded by a wall and situated near the river bank, where two 
open sheds, 84 feet long by 1 6 fee* wide, were eretlied on an existing 
earthen plinth, and roughly floored with country biicks. There was 
no particular reason for these dimensions, except that they suited 
the available space and material ; all that was required was protec- 
tion from the sun and rain. 

The idea was very simple. Previously about 3,000 lb. of fresh 
vegetables had been sold daily in the bazaar to the inhabitants, and 
the remainder bought by the contractor and delivered to the S. & T. 
It was now made a penal offence for anyone who brought vegetables 
into the town to take them anywhere except into the market, and 
the police were instructed accordingly. Here they were examined, 
weighed, and bought at varying prices fixed at monthly intervals. 
What we did not require, or not less than 2,000 lb. a day, were 
taken out again and sold in the bazaar to the general public. 

It was hoped that the market would have been ready by the 
end of November, but owing to various delays, lack of labour, 
scarcity of material (one shed fell in directly the roof was put on : 
wood had to be imported, so those responsible cut down the factor 
of safety as much as possible, — and sometimes overdid it), it was 
not completed until the middle of January, and opened on the 21st 
of that month. Sub-conductor Costello S. & T. was in charge, with 
a sergeant and pay clerk under him, and ran it well. 

There was one item of the market’s furniture that deserves a 
paragraph to itself : the cash-register. From hazy recollections of 
London shops, it seemed that a cash-register used backwards, would 
be some check on the payments. That is, the clerk would start the 
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day witli a fixed sum in the drawer, and on payment being made, 
the register would be put through all its tricks, ring a bell, hoist the 
figures, and jot them down on paper, but the money would be taken 
out, not put in. Accordingly one was ordered. Unfortunately it 
arrived after I had left for Baghdad, and I never saw it,— I believe 
the clerk was afraid of it, and it was only used a few times. How- 
ever, I feel certain that it was the first cash-register in Mesopotamia. 

The advantages of the market were obvious. The large profits 
previously made by the contractor were divided between the govern- 
ment and the growers, to the advantage of both. The vegetables 
sold in the town were the worst, not the best, as had been the case 
when the contractor received a fixed price for all. The growers were 
more careful to bring their produce in rapidly, as damaged goods 
were paid for at reduced rates. There was little extra expense ; the 
number of coolies employed in packing, weighing and shipping,, was 
proportionately the same as that necessary to handle the vegetables 
when delivered by the contractor, and a sergeant had always 
superintended this, thus the only permanent extra was the pay of 
the sub-conductor and the clerk. 

The actual figures are as follows : — 

Cost of erecting the market, Rs. 4,793-8 0. This was very high, 
and was due to the excessive cost of the imported material and the 
inflated wages of labour. 

The amount bought from the contractor during the 20 days, 
January 1st to 20th, was 220,135 lb. The amount bought in the 
market during the 11 days, January 21st to 31st, was 270,353 lb. 
That is, an average increase of 13,570 lb. a day. 

Had these 270,353 lb. been bought through the contractor they 
would have cost Rs. 16,897-1-0 ; but they actually cost Rs. 10,335-8-0, 
a saving of Rs. 6,661-9-0. The market, therefore, produced more 
vegetables at less cost, and more than paid for itself in the first 
eleven days. 

TsANSPOBTlNa. 

The transport of fresh vegetables from Amarah to the front had 

not been very successful. They were sent up on a barge which left 

3 
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twice a week and usually stopped to deliver rations at the posts 
m rowte. This, in addition to a slow journey, necessitated the 
contractor and the authorities saving all surplus on the intermediate 
days, for shipment on the day on which the barge left. The veget- 
ables were packed in sacks or open baskets piled one on the other, 
and the loss from crushing and delay w'as very great. An open 
barge with shelves was first selected, so that the vegetables were 
not heaped up in one mass, but this was not sufficient. Reports 
showed that there was still over 50 per cent, loss in transit. 

The best course in the circumstances would have been to 
organize a special service of fast steamers, so that one left each 
evening carrying the vegetables received that day, properly packed 
in crates. This, however, was never attained, the real reason being 
that boats could not be spared. Nevertheless, considerable improve- 
ment was effected. Crates were procured from India in planks, 
nailed together locally, packed in the market and as many of 
them as possible placed on passing steamers, almost all of which 
stopped at Amarah. Similar measures were taken at Ali-al-6harbi. 
By these means the amoimt of loss in transit was considerably 
reduced, though it remained an ever present trouble. 

What proportion of the requirements was the 1,058,330 lb. 
produced in February ? At the end of January the ration strength 
of the force at Amarah and above was 50,738 British and 90,389 
Indians, and the weight of vegetables required during February 
was, therefore, 2,058,330 lb. of which we were producing over half, 
in addition there were the vegetables produced by direct cultivation, 
and those supplied in Mudelil, which are not included. But, as 
eiq>lained above, there was considerable loss in transit, so that, while 
the Xlll Division and the troops on the line received full rations, 
the men at the front got less than half, and those furthest away 
less still. Had the position remained unaltered, there would have 
been a further improvement, during the next season, operations 
could have been commenced in time ; a Sheik near Ali-al-Gharbi was 
about to put down a laige area ; a Jew was found, who was willing 
to airange another large section near Kumait ;■ pumps capable of 
ixrigsting several hundned acres had been ordered for a near 
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Amarah. But all these, and other plans, were abandoned on the 
advance. 

II. During the advance. 

Everyone knows the chief features of the advance from the 
Sannayat-Sinn position to Baghdad, and beyond. The steady 
fighting up the right bank during part of December and January, 
the Shumraon crossing, the retreat of the Turks, and the entry into 
Baghdad on March 11th 1917. 

An anxious time, probably, for many people, besides the Turks — 
(iertaiiUy for the agricAiltural section. That which one hoped for, 
yet in one way dreaded, had occurred ; the troops were running away 
from their vegetables, which could not be picked up and carried 
along behind. The only thing to do was to follow the army up 
anxiously scanning the banks for likely places for farms, and 
feverishly cross-examining Arabs as to where vegetables could be 
obtained. All the replies pointed to Baghdad as the only hope. 
It all came right in the end — but what if the army had not reached 
Baghdad ? 

III. Baghdad and beyond. 

Arrived in Baghdad, the first essential was to estinaate the 
vegetables in the neighbourhood; a difficult thing to do with 
any exactitude. Cultivation of all sorts had decreased during the 
last two years, and, at the moment, numbers of cultivators had 
cleared off, through a not unnatural desire to get out of the way of 
the war. There seemed, however, to be more vegetables on the 
ground than we had left behind in Amarah — ^which was so far to 
the good. 

It may be thought that our difficulties had settled them- 
selves; but they had not. In the first place, the quantities 
grown at Amarah were not enough, as has been shown. In the 
second place, Amarah was a small town and the requirements of the 
population comparatively negligible ; but Baghdad, on the other 
hand, was a large town, the inhabitants of which were used to 
cultivated vegetables and consumed considerable amounts. Again, 
owii^ to the needs of the army,' and the dislocation of many of the 



730 


AGRICULTURAL JOURNAL OF INDIA 


[XIV. V. 


ordinary channela of supply, certain of their usual sources of food 
were reduced or almost entirely cut off, while prices rose at once ; 
so that the people were driven more and more to depend on locally 
grown vegetable food. In fact the scarcity became so great that 
the military organization had to import grain for the civil popula- 
tion ; an additional strain on the long and severely taxed line of 
communication already burdened with the supply of the force. 
But that is another story. From our point of view reliable estimates 
of the vegetables available were at all times almost impossible to 
compute, for, not only had the constant movements of the troops 
to be considered, but allowance made for a varying and unknown 
factor, the requirements of the town. 

There were, then, not enough vegetables to supply both the 
troops and the town, and it was necessary to start again on much 
the same liues as at Amarah, telling the people that large quantities 
would be required, and helping them to get those quantities grown. 
For the moment, however, no one knew who were the owners of 
much of the land, or where they lived— though the authorities were 
rapidly finding out. As an immediate step Sir Percy Cox kindly 
circularized his Political Officers and some of the well-known land- 
holders near. Gradually in one way or another the men were told, 
and the effort started. Our strongest card was to point to the 
money made by the cultivators at Amarah, a fact now for the first 
time plain to the inhabitants of Baghdad. The most cursory 
enquiry at once brought up the question of the pumps, a difficulty 
that was always with us. I have said that there were a few oil 
engines and pumps at Amarah, but, the number being small, it was 
an easy matter to supply them with oil. At Baghdad, however, 
there were hundreds dotted along the river banks. In a few months 
we had over 270 on our list, the majority within five miles above 
or below the town. The owners of these engines had had increasing 
difficulty in procuring oil since Turkey joined the war ; the price, 
formerly from one and a half to two rupees a tin, had risw to a 
Turkish pound. After our occupation there was none, and, unb”* 
it were supplied almost at once, crops which were irrigated by the 
pumps would die. Some of them did die. and others were severely 



VfiOKTA^tES DtRINO (TBR MESOPOTAMIAN CAMPAIGN 731 

checked; but luckily the general total slowly rose owing to an 
increase in the number of diereda, and extra sowings by men we 
supplied with oil. 

This sudden demand for oil caused much anxiety. It could be 
obtained from the Anglo-Persian oil fields below Basrah, but had 
to be brought up the line, which was already overworked, and its 
transport would take time. Various temporary measures were 
adopted. A little was captured in Baghdad, of which I obtained 
500 gallons for the pumps. I begged 548 gallons from the Camp 
Commandant at G. H. Q. I was given 2,000 gallons from the 
ordinary S. & T. supplies. Then we began to receive larger quanti- 
ties from the oil maJuUas coming up the river. But by April 25th 
only 9,064 gallons had been distributed, as against my estimate of 
forty to fifty thousand gallons a month required. No wonder the 
crops were looking bad. It was nobody’s fault, of course ; even the 
most exacting would hardly expect an army, at the end of a sudden 
and rapid advance, to produce on demand large quantities of oil • 
that no one knew would be required. 

It was not enough, however, to bring the oil to Baghdad, it 
had to be distributed to the cultivators. The first 500 gallons were 
given to a few men present at the time, who I knew had pumps and 
crops. The next 2,252 gallons were carted to a godown lent by 
the First Kevenue Officer, and distributed, with the help of my 
interpreter and a small Arab youth who proudly answered to the 
name of clerk, to men already on our list. The confusion was 
immense, crowds clamoured round the godown hearing that oil was 
for sale. Things could not go on like that, but, luckily, as I was 
endeavouring to get a proper staff, Mr. Wilson of Strick Scott’s 
firm arrived. He had been in Baghdad before the war, and, among 
other things, had dealt in oil. An agreement was made with him 
whereby he received and distributed the oil, kept the books and 
collected the cash, receiving as commission ten per cent, of its cost 
price to Goveroment. It was only issued to men on our list, and 
on an order countersigned by the Director of Supply and Transport 
or myself. This airan^ment worked very well until after the 
period covered by this report, when, ^ with the increase of the 
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department and the extra men employed, it was possible to 
make other plans. 

Before Mr. Wilson’s advent, and even afterwards for a time, 
I was harassed by crowds of Arabs — ^varying from the sullen and 
indignant, through the dignified and grave, to the pathetic and 
almost tearful — all clamouring for oil. They followed me about, 
and invaded my room at all hours of the day, and sometimes sat 
outside at night. For the most part they were quite reasonable, 
and realized we were doing the best we could. Gradually the lists 
were completed, and the proportion due to each adjudged. 

But our troubles were not over. Even had we had the most 
perfect methods of distribution we must have had trouble as the 
amount available did not meet the demand. In April the authori- 
ties agreed to supply fifty thousand gaUons a month, the quantity 
then estimated to be enough. By August the requirements had 
increased, owing to the hot weather, the greater quantity of pumps 
in use and of land under crops, and the estimate had to be raised 
to eighty thousand gallons a month. But, far from increasing our 
supplies, the original fifty thousand gallons could not be delivered. 
Some actual figures are : — ^for July, 36,868 gallons ; for August, 
54,572 gallons ; for September, 34,448 gallons. It was obvious that 
crops were suficring, and discontented cultivators once more 
appeared. The river was low, oil barges few, and difficult to get up, 
whUe extra supplies were wanted, to light the town, work ice plants, 
for sanitary use. Special efforts were made to accelerate delivery ; 
while soon, owing first to the. cooler weather, later to the rain, less 
irrigation was required and less oil was in demand. 

An interesting sidelight was the small amount of water actually 
necessary to keep a plant alive. 1 wish 1 had been able to get 
figures of water supplied and crops produced— they would, I think, 
have startled irrigation experts here. 

In addition to procuring burning and lubricating oil, it was 
necessary to provide repairs. Shortly after we arrived, the First 
Revenue Officer found six men for me who had worked in zepairiiig 
shops before, the war, and an attempt was made to make use ol 
them. It proved impessiUle to work them as a controlled , oonoem. 
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spares were difficult to get, and materials were not available for a 
shop. Again a stroke of luck ! An old Arab, an excellent “ nustri,” 
was found, who, with a little senu-official help, carried out the work 
himself. He bought (and, possibly, found) spare parts from 
those who had them, or whose engines had been broken 
by the Turks, and collected his own break-down gang. Passes 
were given to him and his men to enter and leave the town, and 
belts and spares occasionally bought for him from Works. All the 
same, clever though he was, he could not manage serious repairs, 
and his resources steadily became less ; so suggestions were made 
that the repairing work should be undertaken by Works, and in 
September 1917, a letter was put up to the D. S. and T. making 
definite proposals. Eventually Works took over the whole, but 
after the period of these notea 

Most of the pumps were near Baghdad, b\it there were a few 
at other places in the forward area and dotted down the line. 
These received oil from the nearest supply depot on instructions 
trom headquarters, and the number dealt with thus increased as the 
country became more settled. 

At first our principal agricultural work was in the neighbour- 
hood of Baghdad, but a considerable amount was done at other 
(^ntres, such as near Baqubah, Fallujah, Bamarrah and Ramadie in 
the forward area, and at or near almost every station down the line. 
The methods adopted were much the same as those already described 
at Amarah, and our object was to ^t the Arabs to grow the require- 
ments themselves. 

Sergeant Wimshurst came to Baghdad in May ; and Lieutenant 
Oheesman ably superintended the work on the lower L. of C. after 
the Madras garden corps arrived and relieved him of the Shaikh 
Saad farm. 

A particularly neat arrangement was carried out with the help 
of the VH Division at Samanah, whereby cultivation was encouraged 
in their area, and even beyond our lines, in spite of the presence of 
two hostile armies, llhtjor MacMahon, their D. A. A. and Q. M. G., 
todt a lot d trouble over this. The XV Division, with Lieutenant 
Cheesman’s advice, did much to encourage production at Nasiriyah, 
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and later at Bamadie. In fact, once the methoda were e^lained, 
the work waa taken up on all aidea. 

The moat unfortimate place, and the one most difficult to aupply 
during the hot weather, waa Baarah. Efiorta to increase the cultiva- 
tion of vegetables in that neighbourhood did not meet with much 
success, owing to labour difficultiea and probably to lack of 
expert advice. It should have been possible to make up their 
deficiencies with vegetables from Amarah and Qumah but, with the 
transfer of Sergeant Wimahurst and myself to Baghdad, the purchases 
in these places fell off considembly (February, 901,347 lb. ; March, 
668,280 lb.; April, 332,920 lb.; May, 604,000 lb.), while proper 
arrangements, apparently, were not made for sending the supplies 
down stream. Later, however, I transferred Lieutenant Cheesman 
to Amarah to reorganize the supply. 

Gkirdens run by the troops themselves seldom reduced the 
ration demands, principally because a unit rarely remained in one 
place for a sufficient length of time ; but three gardens in particular 
gave good results, at Kasiriyah, Fallujah and Ahwaz, while small 
amoimts were produced at Diyalah, Ctesiphon, Baghailah, Aziziyah 
and elsewhere. Vegetable seed waa given to all units on demand 
until September 1917 ; but then free seed was no longer necessarily 
supplied to units in places where sufficient vegetables were known 
to exist. The following amounts, in pounds, were issued (the 
figures in brackets are the weights received from India) : — ^Beans, 
broad 1,647 (6) ; beans, French 71 (60) ; beans, haricot 1 (6) ; beans, 
kidney 814 (0) ; beetroot 473 (379) ; brinjal 346 (67) ; cabbage 112 
(296) ; carrot 249 (113) ; cauliflower 33 (114) ; chiUie 38 (23) ; cucum- 
ber 1,333 (162) ; gourd 407 (414) ; kohl rabi 34 (38) ; lady’s fingers 
1,306 (604) ; lettuce 61 (21) ; melon, rock 18 (18) ; md.on, sugar 276 
(0) ; melon, water 878 (30) ; onion 1,063 (96) ; peas 62 (69) ; pumpkin 
112 (67) ; radish 601 (6) ; spinach 773 (314) ; tomato 120 (26) ; 
turnip 407 (133). 

The above are the majority of the seeds distributed direct, and 
were supplied to units, Arabs (most of whom, however, found it 
cheaper to procure their own), and our own farms at Shaikh Saad 

Baghdad. 
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The seed sent from India had a long and difQ.ciilt journey, and 
the germination of a few of the samples that arrived was nil. 

As against this, however, it became more and more easy to 
obtain seed in the country (some of the varieties were called Damascus 
and some Stamboul— whether or not they reall} came from there I 
do not know^) ; and, on the whole, the country varieties did better 
than the Indian. 

The Shaikh Saad farm, as recorded above, was fifty acres, taken 
up immediately after 1 came out. When 1 first left there for Amarah, 
Lieutenant Cheesman, I.A.B. (formerly of Wye, and then l/5th Buffs), 
was detailed as my assistant and went to Shaikh Saad to organize 
the farm, arriving there on October 26th 1916. He had many 
diffi culties to contend with, due to scarcity of labour ; but gradually 
implements, a pump and a small staff (an Indian officer, 3 
British privates, about 30 Indiana and 24 buUocks) were 
collected, and at the end of the year I was able to send him 
Sergeant Aldridge, an excellent practical ^rdener, also of the l/5th 
Buffs (the agricultural section might almost be described as an 
offshoot of the Buffs — ^proving the prowess of the men of Kent in 
agriculture, in addition to other directions !). Much spade work had 
to be done before the farm began to produce ; its first returns were 
102 lb. in March and 3,980 lb. in April 1917. The difficulties 
were reduced when the Madras garden corps arrived in May. 

This corps, if I remember rightly, was first offered by Madras 
in November 1916. Under the then conditions, I suggested that 
enough men be asked for for the Shaikh Saad farm and a similar farm 
at Arab Village or elsewhere ; and a telegram to that effect was sent. 
The personnel eventually despatched was 2 British officers, 2 British 
N. C. O.B, 1 sub-assistant surgeon, 1 clerk, 4 head mdUs, 24 maUs, 
220 coolies, 3 bhi^ies and 3 sweepers. Unfortunately they werei 
only enlisted for a year, and did not arrive until May 1917, when 
the conditions had entirely changed. I placed about half at Shaikh 
Saad, ftTid the remainder on a farm at Baghdad. They produced 
good oropa while they were out, but left in February 1918 on the 
completiou of their year. The figures of the coat of the vegetables 
they produced proved the wisdoin, even from economy alone, of 
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couimiug our efforts, wherever possible, to production by the Arabs. 
For example, the cost of the vegetables produced on the Baghdad 
farm, from the time of the arrival of the corps on May 24th, to the 
end of September (excluding the cost of nations, tents, clothing, 
implements, seed, et cetera, and 3| months’ pay while coming out) 
was 2*3 annas, as against the contractor’s price of 0*88 anna a pound. 

Fruit, with the exception of melons, was beyond the powers 
of the agricultural section. There were fruit trees (oranges, limes, 
mulberries, apricots, figs, pomegranates, each in their season, in 
larger or smaller quantities) at Baqubah, Baghdad and elsewhere ; 
but it was useless to try to increase the immediate supply, and 
improvements in pruning and so forth could only have been intro- 
duced slowly by a large staff. It was possible, however, to increase 
the area under melons, and this was done. The ration was 2 oz. 
dailv of fruit, either fresh or tiimed. 

Notwithstanding the success of the Amarah market, the new 
purchasing department was averse to starting similar concerns 
elsewhere — at Baghdad, 1 believe, because of the size of the under- 
taking, and at other centres, because the position had become 
easier, and contracts were preferred. 

Transport difficulties were consideiably reduced. The troops 
were spread out, instead of concentrated in one spot ; while railways 
from Baghdad to Samariah, Baqubah and Fallujah, combined with 
motor transport, rendered the distribution comparatively easy, 
especially as each centre became more nearly self-supporting. 

• Results. 

The following table gives the quantities in pounds purchased 
and supplied from the larger farms : — 


Month iai7 

Line of 
communica- 
tion 

Forward 

area 

Shaikh 

Saad 

farm 

Bimhdad 

farm 

April 

640,920 

718,790 

8,960 

nil 

MUtj 

900,440 

892,080 

7,968 

nil 

June ■. I 


W14.240 

26,066 

nil 

July 

L906JI80 

2,064,640 1 

46,778 

1,829 

August 

1,968.600 

2,178,640 1 

47,000 

61,893 

SepteiulKir 

l.Mii.080. 

2,705,800 

57,647 

79,891 

Oetober 

1,896,100 

2,651,640 

50,219 

76,686 

NoMsber 


2,174,200 

79,960 

28,185 

INwwbor 

9,886,876 

2,666,794 

149,769 

27,189 
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The rise in the above returns for June may fairly be taken as 
proof of the efficacy of the work in and around Baghdad and on 
the upper L. of C., from the time of the capture of the town. The 
contractors began to deliver our full requirements in Baghdad from 
about May 25th. 

The following table shows the relation between the vegetables 
supplied, and the amounts required for the daily ration of 12 oz. 
for British and 6 oz. for Indian ranks : — 


Approximate ration 
etrength on (1) 

British | 

Indian 

Weight re- 
quired dur- 
ing the 
month, 
pounds 

Weight 

supplied, 

pounds 

Excess (-f) 
deficit (— ) 
pounds 

September let 

October Ut 

November let 
December let 

88.065 
101.305 
107,785 
121.773 I 

238,405 

265.562 

278.420 

315.128 

4,6S3.768 

5.442,409 

5,557.387 

6.404,585 

4,784.478 

4,504,555 

3,671,735 

5,070.267 

+100,710 

-037.944 

-1,085.652 

-1,424,318 


(1) The latioii strength is the whole Expeditionary Foroe, including Medical, 1. W. T . 
Labour corps, followers, et cetera. 


Under conditions such as described, a renewed shortage was 
almost inevitable when the force was increased (in terms of vegetables 
required), by nearly 40 per cent. ; but the supply was gaining again 
on the demand by December, and the shortage was never as bad 
as it seemed, for two reasons. Firstly, when massing the figures in 
this way, no account can be taken of those troops who, owing to 
operations, movements, and so forth, could not be supplied tem- 
porarily ; but their numbers were sometimes large. Secondly, the 
potatoes and onions imported from India are not included. I have 
not got any figures here, except those show'ing that in December 
785,567 lb. of potatoes and onions (more than half the deficit) 
were issued on the lower L. of C. alone, from Basrah to Kut inclusive. 

There was another amusing proof that the vegetable position 
was practically secure. In the early days the average man was 
delighted if he received a somewhat damaged turnip, or even wilted 
turnip tops. Towards the end of the time complaints began to be 
heard. “ We do not want lady’s fingers, we do not like them, and 
we are tired of brinjals too,” said the army, in effect, “ why not 
give us cauliflowers or cabbages or peas 1 ” Or later, in the cold 
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weather, " nothing but turnips ” — or beetroot, or lettuce, as the 
case may be. It was little use explaining that cauliflowers or peas 
could not be grown in the hot weather, or that it was necessary to 
concentrate on the higher yielders among the vegetables known to 
the Arab, — they simply did not beUeve you. And personally I 
sympathized, I never liked hot weather vegetables myself. 

The ultimate test for the results, however, must be sought in 
the scurvy returns, as the principal reason of the ration was its 
antiscorbutic effect. This is shown in the table below which com- 
pares the numbers of scurvy cases admitted into hospital for the 
whole force during the hottest months of 1916 and 1917. 


Month 

Number of cases 
1916 

Number of cases 
1917 

July 

2,465 

.339 

August 

3,395 

211 

September 

2,990 

168 


During this time the ration strength had approximately doubled, 
the proportion of admissions, therefore, had fallen by over 95 per 
cent. A proof that the vegetable ration was the chief, though not 
the only, means for combating the disease, is that 46 per cent, of the 
remaining cases occurred in Basrah, the place most undersuppUed. 



SOME FACTORS WHICH INFLUENCE THE YIELD 
OF PADDY IN COMPARATIVE MANORIAL 
EXPERIMENTS AT THE MANGANALLITR 
AGRICULTURAL STATION * 


BY 

H. C. SAMPSON. B.Sc.. 

Deputy Director of Agriculture, F-F/J Circles, Madras. 


The Manganallur Agricultuial Station is situated in the Tanjore 
delta, and is devoted to the study of wet land or swamp paddy. 
This crop is grown in fields enclosed by earth “ bunds ” or ridges 
to hold in the irrigation water, and the fields are each about one 
acre in extent. The soil is a heavy clay, such as one would expect 
from deposition of fine silt in standing water. Analyses show that 
65 per cent, of the soil consists of clay and fine silt. 

The following outlines the method of cultivating the crop. 
The sprouted seed is sown in a manured seed-bed, which is prepared 
by ploughing under water (puddling) and carefully levelling with a 
board. Shallow drainage channels are made at intervals across the 
seed-bed to drain off superfluous water. When the seedlings are 
about 40 days old, they are pulled out and carried to the field which 
has been prepared by puddling and levelling, and here they are 
singly planted out at intervals of about 9 inches. In a few days 
these strike fresh root, and subsequent operations consist of weeding 

* TIub artiolo wm originally intendod for tho Madras Year Book, bat the. writer felt that 
this question of the study of field experiments, not only in the oase of manorial experiments 
with paddy, but with praotioally all field experiments, was of such importance that it might 
gain wider pnblicity in the Journal of India, and that other workers might 

reoiprooate in giying their experience of similar obseryations in the case of other crop 
experiiMite in India. [H. 0. S*] 
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once, or twice if necessary, and regulating the supply of irrigation 
water which is maintained at a depth of 3-4 inches. Irrigation 
continues until about two weeks before harvest, when the water is 
drained out and the field is allowed to dry. 

Manorial experiments are of two types. 'I'hose which are 
designed to test the effect of a manure on the succeeding crop 
i.e., a single application of manure, the results of which are recorded 
in the yields obtained, and the experiment is concluded. In the 
other type, the same manure is annually applied to the same plot to 
ascertain the cumulative effect of the manure. In this latter case 
one has not only to compare the yields obtained in the one year but 
also to compare the yields obtained in one year with those obtained 
in another. 

If such ejqwriments were absolutely under control, then the 
results obtained from duplicate or multiple plots under the same 
treatment should always agree in any one season, and it is these 
factors which cause variation in yield between plots receiving the 
same treatment and which are now under discussion. 

The first type of experiments, namely, those concluded in one 
season, is likely to give much more accurate results, but they give 
much more meagre information , and their scope is strictly limited. 
Many more factors in this case are under control. 

The seed used in the seed-bed is the same. If the seed-bed 
is properly prepared, and if seedlings along the margin and the drains 
are not used, it is possible to get seedlings all of the same age and 
quality. The planting of all the plots can be completed in the same 
day. Irrigation and surface drainage are the same. It will, how- 
ever, be found that no two plots under the same treatment will 
ever give the same yield, and if the experiment were repeated the 
following year on the same field, it would be found that the results 
obtained would be difierent from those obtained in the previous 
year. These differences in yield are due to factors which are beyond 
control. 

In the first place, it is imposable to get land of even fertility, 
and this is more difficult probably in the case of svramp paddy than 
with any other crop. 'When the land is plougiwd under water, a 



MANUMAL EXPERIMENTS AND THE YIELD OP PADDY 741 


gceat proportiou of the debris of the previous crop floats to the 
surface, and the wind will blow this to one side of the field. If 
there are regular prevailing winds, then the side of the field opposite 
the direction of this wind is always more fertile. In this case the 
south-west monsoon winds are blowing when the fields are ploughed, 
and the north-east side or corner of the field is always the most 
fertile. Such crop debris is also apt to clog on the plough, and 
where this drops off or is removed, the soil is enriched at that spot. 
In levelling the field the surface soil is drawn from the higher to the 
lower levels of the field, and, when level, such portions which were 
originally lower are inclined to be more fertile. The texture of the 
soil is also affected by irrigation. Around the water inlet, where 
the flow of water into the field is rapid, much more coarse soil parti- 
cles are deposited, while the farther away from the inlet, the less will 
be the flow and the finer will be the sediment deposited. Thus, 
even though care has been taken to standardize the field by harvest- 
ing the previous crops in small areas, a further error is always 
liable to creep in from the ordinary cultivation operations in the 
field. 

Weeds again are anotW source of error. If the field is not 
uniformly levelled, and the water is not kept to a sufficient depth 
in the field, rushes, sedges and other semi-aquatic weeds are boimd 
to spring up wherever the soil is exposed. The debris blown to the 
side of the field also contains large numbers of weed seeds and 
MaraUia coromandaUam may be mentioned as one which is often 
troublesome. “ Veppam pasai ” (Tam.) [Chara, spp.] is also a very 
troublesome aquatic weed which may greatly check the growth 
of the paddy. This is much more likely to affect the unmanured 
or check plots, because these are always backward in becoming 
established, and this weed which requires full sunlight will often 
get a hold here, while on the manured plot it may be suppressed. 
When once it has got a firm hold it is very difi&cult to eradicate, and 
as it keeps the growth of the crop in check, it will materially lessen 
the ykld. Thus the difference in the 3deld of the manured and the 
unmanuxed plot may be much greater on this account than if this 
weed were not present. It may be said that such difference should 
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be credited to the maniixe. In ordinary farming it can be, but in an 
experiment it must be discounted, because there is no guarantee that 
every field has this weed present. 

The season also may afiect the yield of different plots. Heavy 
rains in the fallow period will cause these lands, which, when dry, 
have cracked both widely and deeply, to swell and more or less 
completely close these cracks. This is disastrous to the succeeding 
crop as it stops drainage and soil water movement throng the soil ; 
not only this, but the soil below the surface becomes so compact 
that the roots of the crop are unable to use any but the surfikoe soil. 
The efficiency of the cultivation is greatly decreased and only a 
shallow puddle can be procured. These delta soils though very 
uniform near the surface vary very considerably in depth. Those 
on this Agricultural Station rest on coarse river sand which may be a 
few feet or many yards from the sur&ce. It is obvious therefore 
that the deeper the clay alluvium, the more disastrous are the 
effects of this check in drainage. In this way even parts of the 
same field may be affected differently. The same result occurs 
when irrigation water is let into the field and the field is then allowed 
to dry. If the water is kept continuously on the field then the 
drainage is not adversely affected. 

The season may also affect the development of the grain. 
It has already been pointed out that the mamured crop will often 
become establi^ed more quickly than the unmanured fields, and 
these naturally come into ear sooner. For example, a crop manured 
with superpho^hate will invariably come into ear a few days 
sooner than a crop which is unmanured. A heavy rain at the 
flowering time will affect the setting of the grain, and one plot may 
suffer while the other escapes. In the same way a rain at harvest 
time may cause one of the crops to shed more than the other. 

The question of the crop being laid may affect the yield. The 
straw of these delta paddies is invariably weak, and a manured 
crop, especially if manured with nitrogenous manures, may be badly 
laid, sometimes even before it has come into ear. XJnmanured 
plots on the other hand will often remain standing until out. If^a 
crop is laid before the water is drained off the field, some of the 
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grain invariably geta damaged. Even if it is laid after the water is 
drained and the weather is dry, much more grain is shed during 
the operation of harvesting than is the case with a standing crop. 

To ensure the greatest accuracy, therefore, it is necessary not 
only to multiply the number of plots receiving the same treatment 
and take the average results, but it is also necessary to repeat the 
experiment for several seasons and take the average of these. This, 
however, would involve a very large area of land, as it is obvious 
that a fresh area would have to be selected each year for each experi- 
ment on account of the manorial residue left in the soil. 

majority of manurial experiments, however, deal mth the 
cumulative effect of manures when annually applied to the same plot. 
The type of experiment already discussed, deals only with the 
efiect of quick-acting or soluble manures which show their results 
on the succeeding crop, and the causes which affect the yield of 
continuous experiments • on the same land, besides including all 
and accentuating many of those already discussed, introduce many 
new factors which affect the yield. During the same season the 
control is just the same, but comparing the yields from season 
to season, only three factors can be definitely controlled, viz., the 
shape and area of the plots, the quantity of manure applied, and 
the actual weighments of grain yield. Straw yields cannot be 
controlled, as the moisture content varies with the ripeness 
of the straw and the state of the weather. The seed may be of 
the same variety, but it may be of different quality, i.e., germinative 
energy and capacity. The seedlings may be of different quality 
and age. The season may be early or late. If it is late, the effect 
of the manure, especially phosphatic manure, will be more marked, 
because late planting always affects the yield, and the crop becomes 
established sooner and matures sooner when manured with phos- 
phates. The physical 'soil conditions, however, vary very much 
from season to season, and if the dramage is bad and the puddle 
diallow, ’very little effect of manurial treatment will be seen. 

In the case of many manures, especially bulky organic manures, 
these in .themselves greatly alter the texture of the soil, and the 
cumulative effect in this respect is often very marked and apparently 



744 AGEICULTUBAL JOUBNAL OP INDIA (XIV, V. 

very vaiiable. The efieot of other manures applied in oonjunotion 
with such organic manures also varies greatly. For example, 
where an organic manure has been able to improve the texture of 
the soil, so that the season effects of poor physical drainage are 
counteracted — ^this may occur if the alluvium is not too thick — 
then other manures applied in conjunction with the organic manure 
may show marked increase in yield. If, however, the alluvium is 
deep and only the texture of the surface has been improved, a 
buUcy organic manure is, under these anaerobic conditions of cultiva- 
faejaii liable to turn the soil acid. An acid manure, such as super- 
phosphate, would in this case very probably do more harin than 
good in that particular plot, while the organic manure itself might 
also show a decrease in yield when compared with the check plots. 
The residual value of the manure in the duplicate plots would, how- 
ever, be very different, and if in the next year the physical conditions 
of both plots are good, the yields will vary greatly. 

It is thus evident that if plots are merely duplicated, it is 
impossible always to draw conclusions merely by studying the 
figures of yield. One plot may show an increase, while its duplicate 
may show a decrease. The continufmce of the e3q)eriment over a 
number of years will give an average, but it must be remembered 
that the cumulative effect of the manure has also to be taken into 
account. The solution of the difficulty seems therefore to be in 
multiplying the number of plots under the same treatment and 
averaging the results. 

Another factor which seems to be an insoluble difficulty in 
.such permanent experiments is the formation of the plot or unit of 
experiment. There are two methods of doing this. Firstly, each 
plot may be separated from the next by a permanent earth bund ox 
ridge ; and, secondly, each plot can be marked by permanent stones 
and separated from the next plot by an unmanuxed strip. Neither 
of these ways is perfect. The objections to the former are : — 

(1) It is difficult to get uniform cultivation and leveUing. (2) Each 
plot has to be irrigated and drained separately. (3) The margins 
of the plot will invariably Aow better growth. (4) The crop is 
much more exposed to attack of crabs and caterpillars whidi the 
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permanent earth bunds will harbour. (6) Unless these bunds are 
high, they are very liable to break down during the cultivation season 
and not hold the water in the field. They are often submerged 
dming heavy rains. If the bunds are high, the crop is not under 
normal conditions, as it is too much protected from the wind, and 
the soil from the bunds is continually being washed down into the 
field from which it has again to be lifted in the next season when 
the bunds are repaired. High bunds also leak very badly, as they 
harbour crabs and rats which riddle these with their tunnels. 

The latter method is preferable on the whole because, (1) 
observation shows that soils, even under these swamp conditions 
of cultivation, receive and retain manures as soon as they are applied. 
Nitrates are an exception, but these do not come within the scope 
of manurial experiments with wet-land paddy. There is therefore 
little, if anything, to be gained in this respect by providing earth 
bunds. (2) It is possible to puddle each plot as a separate unit, 
but unfortunately it is not possible to level each plot separately, as 
the whole field has to be of the same level ; there is therefore always 
a certain amount of mixing of the surface soil in the plot with the 
surface soil adjacent to it, anithe residual value of previous applica- 
tions does not entirely remain in the plot to which the manure was 
originally applied. Observation shows that this effect is apparent 
in the growing crop to a distance of 5 to 6 feet from the margin of the 
plot. It is necessary therefore to leave a non-experimental strip of 
at least this width between plots. (3) As regards irrigation, drainage, 
weeding, etc., conditions are uniform for all plots ; while the danger 
of loss from the insect and other pests is minimized. 

What has been written indicates the importance of maintaining 
careful observation notes of o^eriments and the danger that lies 
in merely judging the results of different plots by the figures of 
yields recorded. There are so many factors which induce error, 
and which are beyond control, that without such observation it is 
often impossible to draw any deductions of value from the yield 
figures recorded. Much has been written about the importance of 
estimating the probable error of an experiment. In any ei^eriment 
otmoluded in one season this must form the basis of the value of the 
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results obtained ; but in a continuous eitperiment conducted over 
several years on the same plots, there are so many factors which 
alter the original condition of the plots and so many factors which 
vary from season to season that, after the first year, the only method 
of gauging the value of the yields obtained is by the study of the 
growing crop in the field. 



EXPERIMENTAL ERROR IN VARIETY TESTS 

WITH RICE. 


BY 

F. R, PARNELL, B.A., 
Government Economic Botanist, Madras. 


Introduction. 


All work on the improvement of crops, whether by the 
introduction of new varieties or by plant-breeding, requires constant 
comparisons to be made with regard to yield. Where large numbers 
of strains are being grown for comparison any increase in the accu- 
racy or rapidity with which undesirables can be rejected results 
in a correspondingly increased efficiency in the work. A study 
of the experimental error involved in different methods of making 
these comparisons is, therefore, of the utmost importance, since the 
knowledge obtained makes it possible to handle, with any required 
accuracy, the maximum amount of material for a given set of 
conditions or resources. 

During the last ten years, numerous investigators have drawn 
attention to the importance of experimental error in all types of 
agricultural experiments. This has had its effect in improving, 
very considerably, much of the work that is being done. There 
is still, however, room for improvement in a good deal of the work 
of which accounts are published. 

It is not proposed to discuss the literature on this subject. 
Lists of references will be found in papers by Hayes and Arny^ 
and Batchelor and Reed.^ These include work on a large variety 


» Hayes, H. K„ and Amy, A. C„ Joum. Agric, Res,, vol. XI (^17), no. 9, p. 399. 

* BatoheloTt L* H., and Reed, H. S. Joum. Agric, E&t., vol. XII (1918), no. 6, p. 246. 
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of crops, including fruit trees, under very varying conditions. The 
systems adopted by difierent workers, for reducing the experimental 
error to any required degree, vary very considerably according to 
the type of experiment, e.g., whether manurial or variety tests, 
the quality and quantity of laud available, the crop under experi- 
ment, etc. 

It is proposed in this paper to refer briefly to experimental 
error in general, under Indian conditions, and to give, in some detail, 
the results of work on rice in Madras Presidency. 

Experimental error in India. 

The experimental error of ordinary field-plots has been calculat- 
ed by different workers for various types of cultivation in difierent 
countries. Although there is not as much variation as might be 
e:^ected for the widely varying conditions involved, it would be 
impossible to apply any one figure to a given set of conditions 
without some preliminary investigation. 

In order to get some idea of the range of error for various types 
of cultivation in different parts of India, an examination was made 
of the results of experiments given in the farm reports of different 
provinces. The probable error was worked out from the yields of 
duplicate plots as given in these reports. It was very common to 
find two distinct series of plots, of obviously different cropping 
value, described as original and duplicate re^ctively. Results 
from such separate series were carefully excluded. Apart from 
this, the figures employed were not in any way selected but were 
taken at random from any experiments that included a number of 
duplicates. 

This is the same method as was employed by Wood and Strat- 
ton^ in the case of results published in England. It should be 
noted, however, that the method of calculation employed by these 
authors {l.c., pp. 436-7) is subject to a definite error. For each 
pair of plots they calculate the mean and the diffel^oe between 
each plot and the mean. These differences, after reducing to percen* 
tages of the mean, in order that the results of different experiments 
1 Wood, T.B., and 6t»tton.r.J.M. /ovm. So»ca<« toL m (1910), p. 41Z 
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may be combined, they then use for the probable error determiixation 
in the same way as they would use difEerences from the mean of a 
large number of determinations. In other words, they take differen- 
ces between duplicates as twice the difference of one from the mean. 
Now the probable difference between any two results taken at 
random, such as duplicates, is times the probable difference of 
any one from the mean. It is obvious that, in calculating the 
probable error from the results of duplicate plots, the difference 
between any pair should be taken as times the difierence of one 
from the mean. Their result for 400 pairs of plots, viz., 4*2 per 
cent., should, therefore, be multiplied by thus giving about 
6 per cent, as the probable error for one plot, or 8*4 per cent, for the 
difference between two plots. 

Except for this modification, the same least square ” method 
of calculating the probable error was applied. The results were 
worked out as the probable error of the difference betiveen two plots, 
as it is such differences that most experiments are designed to show. 
As was to be expected, much variation was foimd when each set of 
experiments was taken separately. A critical examination of 
the figures, however, showed much about the same range of error 
for the different sizes of plots, about 4 to 25 cents, and for different 
localities. Table I shows the figures obtained for four of the most 
important crops, representing widely different types of cultivation. 


Table I. 

Probable error of ordinary field-plots in India. 


Crop 

No. of pairs 

% Probable error 
between two 

Bioe 

240 

130 

Sorghum ... 

166 

148 

Cotton ... 

114 

12*2 

Whoftt ... 

114 

140 

ComUned result ... 

634 

13-5 


The results for the different crops show surprisingly little 
variation. The combined figure, 13'5 per cent., for the probable 
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error of the difEerence between two plots, is not very* satisfactory, 
being very much hi^er than the corrected figure of Wood and 
Stratton already referred to, viz., 8*4 per cent, for ordinary experi- 
ments in England. It must be remembered that this figure is an 
average result, and there must be, as indeed the details show there 
are, many experiments with an error much higher than this. 

Work on bice in Madras. 

A. detailed study of this subject has been made in connexion 
with work on rice in Madras. The probable error has been worked 
out for different sizes and shapes of plots varying from ordinary 
field-plots of over one-tenth of an acre down to lines of 20 plants. 

Ordinary field-plots. 

Under this heading are included such experimental plots, 
ordinarily in use on the farms, as have not been laid down in the 
form of specially long narrow strips. Table II gives details for a 
number of separate experiments on various ^farms. 

Table II. 


Probable error of ordinary field-plots of rice in Madras. 


Farm 

BxperimeDt 

No. of plots 

% Probable error 
between two 

Coimbatore 

Standardiiation N Block 

20 plots 

ISO 

M 

Pattimannu manuriali 

21 pairs 

13-4 

II ••• 

Age of seedlings 

8 I, 

13*6 

Samalkota 

Cyanamide manurials 

20 plots 

13*9 

II 

Spacing 

22 pair* 

77 

Palur 

Bulky manures 

72 „ 

118 

\fangaQallur 

Phosphate manurials 

20 .. 

12*6 

II 

ITdu manurials 

60 „ 

13*9 


Combined result 

J203 pairs^ 

12*3 



1 40 plots ) 


The results are very uniform with the exception of one evp ayi. 
ment, a spacing experiment at Samalkota, which, for some reason 
unknown, is veiy distinctiy more acouiate than th e others. The 
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low figure for this experiment reduces the combined result to 12-3 
per cent., though the other results suggest that about 13 per cent, 
would be more representative of ordinary conditions. 

Long narrow field-plots. 

Under this heading are included plots specially laid down in 
the form of long narrow strips with a view to reducing experimental 
error. They are large plots such as can be used for the majority 
of ordinary farm experiments, and are in quite a different category 
from the small strips, to be described later, for use only in variety 
trials. Table III gives data for a number of series of such plots. 

Table III. 


Probable error of long narrow field-phis. 


Farm 

Experiment 


No. of ! 

1 error 

® 1 between two 

Coimbatore 

Manganallur* ... 

Vo. * ’ 

Do. 

B. Standard- 
ization 

Fish 

Super 

Standardiza- 

tion 

Do. 

About 10 \ 

1 \ 

0 

24 

Lengthmore than 
ten times 
breadth 

20 X 260 Iks. 

20 X 120 Iks. 

18 60 

U 1 70 

14 5-5 

28 j 8-7 

^ 35 ; 57 


* For the figures on which these results are based 1 am indebted to Mr. Sampson. 


It will be seen that the probable error of these plots is consis- 
tently lower than that of the ordinary plots, shown in Table II, by a 
considerable amount. It is obviously desirable that such plots 
should be adopted more generally where the nature of the experi- 
ment permits. A large departure from this type would very seldom 
be necessary. 


lAnes and smaU plots for variety-tests. 

In working with transplanted rice it is comparatively easy to 
obtain a full stand of plants very evenly spaced. It was considered, 
therefore, that the method of testing strains by means of 
lines or narrow strips would be particularly useful for this crop. 
TgTpftriinAnt^ designed to test this have been carried out during 
several years, and have yielded some interesting results. 
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The first experiment was oanied out, during two successive 
years, on the ordinary experimental area of the Central Farm, 
Coimbatore. The method was to divide a field, planted uniformly 
with one variety, into a number of very small units of regular size 
and shape. These units were harvested separately and their grain 
stripped by hand and weighted. It was then possible, by various 
combinations of units, to compare the yields of small plots of various 
sizes and shapes. 

In 1913-14 one field was used, and in 1914-16 the same field again 
together with a neighbouring field of about equal area. These 
fields were planted very evenly at 9 inches apart each way. In each 
case, after removing a number of lines round the outside, a block of 
plants was obtained comprising 80 lines with 70 plants in each. 
The unit adopted was a double line 10 plants long, i.e., 20 plants. 
The block was divided so as to give 7 columns each containing 40 
units lying side by side. 

The probable error was calculated for various combinations 
and arrangements of these units, each field being taken separately. 
It is not proposed to give the figures in detail but only the main 
results with the figures for the three fields combined. In the tables 
that follow the figures representing the size and shape of the plots 
indicate the length and breadth, respectively, in plants nine inches 
apart mck way. 

Some results for plots of various sizes and shapes are given 
in Table IV, which shows the probable error of the difierence between 
two plots — (a) adjacent, (6) any two at random — ^in the same field. 


Table IV. 


Plot 

PKOBABL2 ERROE BETWEEN TWO 

No. of plots 

(a) Adjacent 

(b) At random 

10 X 10 

6'5 

10*8 

168 

60 X 2 

8*1 

6*8 

120 

20 X 10 

66 

92 

72 

60 X 4 

33 

6*4 

60 

20 X 20 

6*4 

8*5 

86 

50 X 8 

4*0 



6*1 

30 
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The long narrow plots are very distinctly more accurate than 
those that are square or more nearly so. In all cases the error is 
much less for adjacent plots than for any two at random. This 
difierence, as might be expected, is much more marked in the case 
of the very narrow plots. 

In a repetition series, where several strains are repeated in an 
orderly manner, so as to give a regular distribution of each over the 
whole area, the relative accuracies of different types of plot may not 
bo the same as for comparisons of single plots. 

Another point of interest also arises. In ordinary practice it 
is often necessary to compare together, or with a standard variety, 
a large number of strains. It is a matter of importance to know, 
for whatever system is adopted, whether the accuracy is affected 
by the number of strains included in one series. Is a repetition 
series of few strains, with the different plots of each strain compara- 
tively near together, more accurate than one in which the plots are 
more scattered, through the inclusion of a large number of strains ? 

In order to throw some light on these points calculations of the 
probable error were made for arrangements representing repetition 
series of various numbers of strains. Thus for two strains alternate 
plots were taken together for the required number of repetitions, 
for seven strains every seventh, etc. Table V gives the results of such 
repetition series for several types of plot. 


Table V. 


Plot 

l^o.of re- 
potitiona 

% Probable error or difference between two 

2 strains 

7 strains 

14 strains 

28 strains 

10 X 2 ... 

5 

3*8 

3*5 

4*2 

4*7 

10 X 4 ... 

5 

2’7* 

35 

3*8 

41 

10 X 10 ... 

4 

3*2 

36 

3*7 

.«• 

10 X 2 ... 

10 

2-6 

25 

31 

2*8 

10 X 4 ... 

10 

1*9 

2*5 

24 


10 X 2 ... 

20 

1*9 

17 

2*3 

... 

i 


With regard to the number of strains in one series, the results 
axe somewhat variable but, on the whole, it appears that with a 
large number of strains the probable error is increased, though only 
to a relatively small degree. This, of course, applies only to the 
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special conditions of this experiment where the plots were small 
and each series was confined to one field. 

A-s regards type of plot, the results indicate little material 
difference between plots 10 x 2, 10 x 4, and 10 x 10. What 
difference there is, is in favour of the broader plots. It may be noted 
that the figure marked with an asterisk, in the 10 x 4 results, is 
probably too low. In this case one field, of the three of which 
the combined results are given, gave a much lower figure than the 
other two, thus reducing the combined figure. The inference is 
that this figure is less reliable than the others, with which it does 
not agree very well, and that it would probably fall into line with 
them if further trials were made. The same applies to the figure for 
ten repetitions of the same plot and arrangement. 

There is obviously no point, so far as accuracy is concerned, 
in reducing the width of the plot to as little as 2 plants. Anything 
from 4 to 10 plants wide should be satisfactory for repetition series. 

A comparison of Tables IV and V show's, on the Avhole, very 
similar results. Thus single plots 50 plants in length, adjacent, 
give about the same results as 5 repetitions of plots 10 plants in 
length. There is a slight difference as regards width of plot ; in 
the single long plots the narrowest are slightly more accurate, 
whereas in the repeated short plots the variation, which is less dis- 
tinct, is in favour of the wider plots. 

An attempt was made to employ plots 60 x 2 plants, with 
9 inch spacing, in actual practice, but it was a failure as the stand was 
ruined by an exceptionally bad attack of crabs. It is obvious that 
in such snaall accurately spaced plots a few blanks will materially 
affect the results. Thou^ a very even full stand can generally be 
obtained, there is always a fear that crabs may do some damage, as 
occasional attacks have been experienced both at Coimbatore 
and in Tanjore. It was therefore decided to try rather larger plots, 
modified so as to do away with such accurate spacing, but maintain- 
ing the long narrow shape. < 

A preliminary trial was made on the HanganaUur Farm in 
Tanjore District. Three widths of plots were used, viz., 6, 10, and 20 
links ; they were all 120 links in length. Interspaces of one link were 
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left between the plots, which were planted ri^t up to the edge of the 
interspaces. No definite spacing was done but the inside of the 
plot was filled up by ordinary planting at al^out 6 inches apart. The 
results obtained from a number of plots of each width are shown in 
Table VI as the probable enor of the difierence between any two 
plots in the same field. 


Table VI. 
Flfits 120 links long. 


Plot width 

% Probable error 
between two 

No. of plots 

Hnk.s 

5-8 

42 

10 „ 

53 

26 

20 „ 

5-7 

35 


There was little difference between the three widths, showing 
that this factor might be made very largely a matter of coiivenience 
with regard to planting, harvesting, area of land available, etc. 

Further trials were made, on the Central Farm at Coimbatore, 
with plots 50' X 4' with 1' interspaces. The planting was roughly 
6" apart, giving 9 lines to each plot. The spacing was not done 
accurately, by measurement, but 9 lines were planted between 
strings placed 4' apart, the outside lines touching the strings. Seven 
fields were planted in this way, and the probable error for the differ- 
ence between any two plots in the same field is shown in Table VII. 

Table VII. 

Plots 50' X 4'. 


Field 

No. of pIotM 

% Probable error 
betwoHii two 

1 ... 

16‘ 

6*4 

2 

13 

51 

3 . 7 . 

11 

8-6 

4 ... 

11 

6-8 

6 ... 

13 

8-2 

6 ... 

14 

5’8 

7 ... 

12 

5'5 

Oombinod 

90 

6‘5 
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The results for the separate fields are as uniform as could be 
expected for such small numbers of plots, and the combined figure 
for 90 plots, 6-6 per cent^, may be taken as sufiiciently aceurate for 
such plots at Coimbatore. The combined figure for adjacent plots is 
4‘2 per cent. 

Further results were obtained from actual trials of strains, carried 
out on the Paddy Breeding Station, in which plots 50' x 4' were 
employed. Each strain was repeated twice in a number of fields. In 
calculating the probable error the two plots of a strain in the same 
field were taken as duplicates. By working the differences as 
percentages it was possible to combine them into one lot and get a 
figure for the series as a whole. Table VIII gives the results for 
three such series. They agree very closely with those of Table VII. 

Table VIII. 

Plots 50' X 4' in actml trials. 


Series 

Pairs of duplicates 

: % Probable error 
between two 

HI. 17-18 ... 

29 

1 

6-2 

IV Do. 

49 

5-9 

VII, 18-19 .. 

27 

6*9 

Combined ^ 

106 

1 

6-6 


It is desirable, where possible, to repeat each strain at least 
twice in every field ; a check on the results can then be exercised 
by calculating the probable error as above. From the point of 
view of accuracy of the experiment, however, this is not necessary, 
but each strain should be repeated the same number of times in any 
one field as this avoids the variation in cropping power of different 
fields. 

The above results for 60' x 4' plots (Tables VII and VIII) com- 
pare very favourably with those for the small regularly spaced plots 
of 60 plants in length (Table IV). There are several practical 
advantages in favour of the former, and for the present these 4' 
wide plots have been adopted on the Paddy Breeding Station at 
Coimbatore. This is a convenient width for one cooly to work 
both in planting and harvesting ; strict supervision is easy and 
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the work can be carried on rapidly, an important point where 
large numbers of strains are dealt with. 

The length employed varies, according to the size of the field, 
from 40 -60', the number of repetitions being adjusted accordingly 
and varying from about 8 to 12. The area required for each strain 
is about 6 cents excluding the borders of the field. Any number 
up to eight strains are included in one series. 

The accuracy of such tests has been worked out in a number 
of cases. The probable error of the difference between any two 
plots was calculated from the figures for duplicate plots in the 
actual experiment, as for Table VIII. This figure was then divided 
by Vw, n being the number of repetitions, to get the probable error 
of the difference between any two strains. Six out of seven results 
lie between 19 per cent, and 2 4 per cent., the seventh being 4‘0 
per cent. All these were on land that had been under observation 
for only about two or three years. On thoroughly known and 
selected land it should be possible to work the above system with a 
probable error of about 2 per cent. 



THE “FRASH ” (TAMARIX ARTICULATA). 


BY 

W. ROBERTSON BROWN, 

AgricuHaral Officer, North-West Frontier Province. 

In my early school-days, as we sang the “ Scottish Blue-bell,” 
I sometimes envied the “ proud Indiai;,” his “ boast of jessamine 
bowers — the mountain, the valley with all their wild spell.” The 
poet’s picture of the rich East was too fascinating — ^it overshadowed 
the blue-bell. I have since learned that envy need hot have hushed 
a note of the song. The jessamine blooms in the market garden 
under the “ city wall,” and mingles its heavy-sweet with the odour of 
the bazaar. But there are valleys in India that glow and swelter 
in ultra-tropical heat, yet which bloom fresh and fair during several 
months of the year. A large part of the Peshawar District com- 
prises one of those favoured vales. Here, blessed by copious irriga- 
tibn, the fields are more or less green always, and the landscape 
is graced by charming groups and lines of trees. It is in praise of 
one of these trees, the “ ^^z ” of the frontier, that I would write. 
Throughout the Punjab it is known as the “ frash.” Brandis 
calls it Tamarix articukUa, and notes that it is found beyond India, 
in Afgh anistan, Persia, Arabia, and even in North and Central 
Africa. Some among ns who have enthusiastically hunted fox 
herbarium ^eoimens may have discovered an ally of the “ frash ** 
on the coast of Engh^nd. My introduction to the family was by tha 
lake at Kew. From Delhi to the Khyber, by the Grand Trunk 
Road, and over the yellow plains, or uprising columnar from ^ 
eom-fields, the “ frash ” is a familiar tree. (Plate XXVIl^) 
this wide area, when the dfistriet officer dei^ixs estaUishipi; 
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THE "PRASH 

shisham (Datbergia aissoo), the mulberry, the poplar, the her 
{Zizyphjis jujiAa), or even the Ukar (Aoaoia ardbica), he hope- 
fully plants “ ftash,” and the good tree rarely disappoints him, 
be the land wet or atony, deep and fertile, or even a salt-strioken 
plain. The cultivator in the Punjab and the North-West Frontier 
Province knows all about the “ fraah. ” He imderatanda how to 
propagate it, and no tree is more easily raised, nor is stock of 
any more abundantly to hand. When it is desired to establish a 
boundary line between two villages, or to demarcate holdings, 
stout cuttings are planted in situ during the spring or when rain 
falls in August, in the confident knowledge that despite neglect, 
these will grow and ultimately win from the camel and the goat, 
the grasshopper, the village boy, or the ubiquitous white-ant. 

On a fine spring morning the Pedxawar valley is beautiful, 
fresh and sylvan. The coppiced “ frash ” and spreading mulberry 
embower the hamlet, sentinel trees stand out in the com ; the roads 
and the canals, the streams and water courses are traced in lines 
of dark pine-green, with here and there the brighter hue of tender 
new-clad mulberry and shisham. The humble cultivator is the 
artist who has made the landscape beautiful. He has silently, 
patiently, of his own free wUl planted “ fradi ” to shelter his crops 
and cattle, to supply beams for his dwelling or fuel for the home, 
to provide money to marry his children. 

The mulbeny is the “ Old Apple Tree ” of the Pathan boy and 
girl, their leafy school of Nature-study; the tree in which they 
perched as they watched the ripening corn, or under whose cool 
shade they played and slumbered. But the “ frash ” is the house- 
hold’s friend— the “ Codlin ” and “ Short ” when crops fail or the 
cattle ate afSicted, when ready-money is demanded. Most frequently 
the mulberry is self-sown. Like Topsy it “ just growed ” and 
the family gathered round it as its Weltering arms extended. Unlike 
the dwarf species of the lazy river-flat, the ** frash ” of the field is 
never a natural seedling in the North-West Frontier Province. 
Fvery tree has been planted as a cutting. Had it been necessary 
lor tiU cultivator to sow seed and carefully raise seedlings, or procure 
these from a nursery, it is jNrobable that the trees of the Pesha'^ur 
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valley and a large part of the Punjab would at the present time be 
confined to the roadsides and canal banks. It is certain that- 
wthout the “ fraah ” the fuel supply of North-West India would be 
far more scanty than it is now. During the period of the war this 
copse-wood has proved a “ mortgage-lifter ” to many Peshawar 
cultivators ; the woodman has been busy around the villages since 
1914, providing fuel for the troops on the frontier. 

By the roadside on good land there are trees which are more 
satisfactory than the “ frash.” Admirable as the tree is in the field 
or by the village lanes, few will disagree with the writer who not long 
ago stated in the Civil and Military Gazette that the time had come 
when the “ frash ” should go from the city and cantonment. Trees 
that ate propagated by cuttings develop a shallow root-system, 
and are blown down more readily than those that are raised from 
seeds. The “ frash ” is the first tree to fall before the dust-storm. 
Then in these days of whirling motor cars and trains of motor lorries, 
the roadside “ frash ” becomes dust-laden and unpleasing. It is 
no longer suitable for the roadside, it is the cultivator’s tree, it is a 
copse-wood. Grown old, tottering and gaunt, it is picturesque but 
hardly a shady roadside tree. Yet the “ frash ” can and should be 
young and fresh always, for no matter how large its limbs may be, 
these soon break into vigorous growth when they are pruned. Even 
the neglected fallen trunk by the wayside mantles in tender purple 
and green for several years after it is laid low. 

The “ frash ” is also useful in some minor ways. The fruit- 
grower has found it an excellent wind-break for his orchard. A very 
promising hedge which was grown from cuttings and is leas than 
years of age is shown in the accompanying figure. Sometimes the 
bark of the trees is used by the villagers in tanning, and this is another 
reason why the “ frash ” should not be planted on public highways, 
especially in tracts where other trees are scarce. A considerable 
qiiantity of tuberculate galls from which a dye may be prepared, 
is borne by the “ frash,” and in March and April the village giris 
may be seen collecting these from imder the trees. 

There are surely few agricultural tracts where the small farmer, 
unaided by the State, has made what might have been a bare country* 
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side one of sylvan beauty. But the cultivator of the Peshawar 
valley has done this, and he deserves commendation for his choice 



A wimi break of ** frash. ” It was f^rown from cuttings and is less than 2) years old. 

of the “ frash,” a copse-wood that is beautiful and useful. He has 
done his part in providing a continuous supply of timber that fulfils 
his requirements, and meets a considerable part of the local demand 
for fuel and light beams. In the establishment of plantations the 
expert sylviculturist may prefer to use rapid-growing “ soft woods,” 
but no tree that is grown from seed will easily displace the ” frash ” 
in the favour of the North-West Frontier Province cultivator. 
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other occasions unknown to me, as it is impossible .to get attendants 
of the class the farm is able to employ to understand the danger 
susceptible animals run by grazing in a surra-infected area, and 
if they did understand it, most of them are too careless and irrespon- 
sible to take any trouble to avoid it. The risk of infection was 
increased by corps camels occasionally straying and getting on to 
farm land. 

From September on, the farm camels were kept under close 
observation with a view to the detection of surra, but it was not till 
2nd October that the disease was definitely diagnosed in any of 
them. On that date No. 13 was found to be affected. 

All the farm camels (8 in number) were immediately sent out 
to a camp in the middle of a dry grazing area some miles from any 
other susceptible stock, the affected animal was isolated and 
treated. Surra was definitely diagnosed in three more of the camels 
as follows : -In No. 14 on October 12th, in Nos. 9 and 12 on October 
23rd. 

All the camels were in fair condition. No. 13 was fat. The 
affected animals were all treated, details of which will be found 
below. The other four camels have remained surra-free up to 
the time of writing (February 1919). 

The presence of the disease in farm camels caused acute anxiety 
as to other susceptible farm stock. 

At that time there were present in the Home Farm 29 pony 
and 34 donkey mares with foals at foot, with one pony filly running 
with them, twenty-four pony mares without foals, 9 mule and 4 
donkey foals weaned on October loth (up to October 15th had been 
running with other mares and foals), 100 donkey mares and fillies, 
3 Arab mares, 10 to 12 mares in foaling or hospital boxes, 7 donkey 
and one horse stallion in boxes. There were also 3 pony mares, 
2 mule foals, and a donkey colt, in an isolation line about half a 
mile from the Home Farm ; the mares had been in the Home Farm 
till the beginning of October. 

There were also 182 young stock mules and donkey colts in 
paddocks about half a mile from the Home Farm, and 11 pony and 
26 donkey mares all heavy in foal at Chowni about 2 miles away. 
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The majority of the above animals were unbroken young 
stock. 

The small veterinary staff at my disposal was very fully occupied 
with outbreaks of rinderpest and haemorrhagic septicaemia among 
farm cattle, in addition to abnormally heavy ordinary hospital case 
work. 

I was only able to spare one man to assist me in surra-detection 
work. 

All the animals in the Home Farm, in the isolation hospital, 
had temperatures taken morning and evening daily, with the excep- 
tion of the 100 donkey mares and fillies which were dealt with on 
alternate days. 

Blood fronx all animals with suspicious temperatures was 
examined on the spot. 

Surra was detected in the following animals on the following 
dates : — 

Pony mare No. 57 on October 16th (mare had a foal at 
foot). 

Pony mare No. 73 on October 17th (had foal at foot). 

Pony mare No. 98 on October 18th (this mare was in the 
isolation hospital. She had a foal at foot). 

Donkey marc No. 88 on October 18th (had a foal at foot). 

Pony mare No. 130 on October 18th (foal had been weaned 
on October 16th). 

Donkey ntare No. 6 on October 18th (had a foal at foot). 

Pony mare No. 74 on October 27th (foal had been weaned 
on October 15th). 

These mares were all in the Home Farm and had all been grazing 
together up till October 15th. After detection of the first case, 
the whole herd was kept up and stall-fed in lines where they could 
get into cover in the day time to escape biting flies. 

During October I was xmable to pay much attention to the 
animals in the paddocks and at Chowni, but on November 10th 
mare No. 49 at Chowni was found to have surra, and mare No. 124 
on the 11th. These mares had been moved to Chowni from the 
Home Farm on September 10th. 
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■prom November 11th, 1917, up to date (February* 1919) no more 
cases of surra have been detected on any* animal in this farm. 

Of the above cases, pony* mare No. 67 and donkey* mare No. 6 
were destroyed ; the remaining animals were treated. 

Before proceeding to details of treatment which will be found 
below, the following points seem to me to be of interest. 

Period of incubation. In equine surra, I believe, this is 
said not to exceed 10 days. The disease was detected in pony mare 
No. 74 on the 27th ; the last previous case among animals with 
which she was in contact was detected on the 18th. From the 
17th onwards mare No. 74 and her companions were kept up and 
staU-fed and had shelter from biting flies. It is probable the mare 
was infected before the 17th, and as she was free of trypanosomes 
between 17th and 27th and the period between paroxysms does 
not usually exceed 10 days, it is probable that the disease was 
diagnosed in the first paroxysms. 

Probably in natural cases the period of mcubation nray exceed 
10 days. 

Susceptibility of foals. I believe there is a superstition among 
camel-owners in surra tracts to the effect that young camels 
under their mothers are immune to surra. Leese, I believe, proved 
that age had no effect on the susceptibility of camels to surra, but 
in the light of my experience in this outbreak it seems probable that 
young stock do naturally escape surra more frequently than their 
parents. Possibly their thick woolly coats may be some protection 
against the biting fly. 

At all events in the above outbreak no foal contracted the 
disease, and all the pony and donkey mares affected either had 
foals under them at the time the disease was detected or had them 
weaned from them a day or so before. 

Mares Nos. 98, 73 and 88 were treated and their foals accom- 
panied them to the isolation hospital, and so remained in contact 
with the disease for a long period. Biting flies too were numerous 
up to the end of October. 

Agent of transmission. In this outbreak everything points 
to a " tabanus ” as the agent of transmission. The common biting 
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flies of the district are Stomoxys, Lyperosia and Hippoboscidce. 
Tabanidse can generally be found near water in the hot weather and 
rains but as a rule is not a conunon fly. 

In 1917, during August, September and October, Tabanidse were 
numerous ; Stomoxys and Lyperosia were swarming everywhere. 

At the time surra was diagnosed in pony mare No. 98 she was 
with two other pony mares Nos. 80 and 60, her own and another 
foal, and one 3-year old donkey colt. No. 60 mare is a light roan. 
Stomoxys and Lyperosia were so numerous that the roan mare was 
literally black with them in the morning and evening. Drops of 
blood from fly punctures on the animals could be detected at any 
time on any of the animals. These mares and foals remained 
several months with the surra cases under treatment, but none of 
them developed surra. 

(a) As an item of interest, in the cases of the above blood 
examinations, Filaria were detected in the blood of only two, both 
pony niares. In one of the mares the worm was only detected on 
one occasion, although her blood was examined daily for two months. 

(6) I had fully expected, if the monsoon of 1918 proved heavy, 
to experience another outbreak of surra, or at all events to hear of 
the disease in the neighbourhood, as the camel corps camels were 
camped in close proximity to a much frequented road, and must 
have infected many local camels which had to pass right through 
the camp to get into Hissar. 

As a matter of fact monsoon rains were light, nothmg was heard 
of surra in this district in 1918, but the disease is often so chronic in 
camels that it is quite probable camels infected in 1917 will be alive 
and be a source of danger to the district in 1919. 

Details of treatments. 

The following are details of treatments employed. 

The large doses of antimony tartrate used intravenously were 
tried on the recommendation of Lieut. W. A. Poole, I.C.V.D., 
1 A Jl.O., at the time acting as Camel Specialist. I understand large 
doses in camels were first tried by Mr. H. E. Cross, when that officer 
was Camel Specialist, with very encouraging results. 
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Donkey Mare No. 8H was treated by the arsenic alone method, 
after 3 grm. of aoamin had been injected subcutaneously to drive 
the trypanosomes from the circulation; beginning with 0*760 grm. 
in bolus, the mare received 20*25 grm. of arsenic in 19 days. The 
arsenic was given on alternate days. The last dose was 3*25 grm. 
The mare weighed about 450 lb. She died of arsenic poisoning on the 
24th day. There had been no return of trypanosomes to the 
circulation. 

Pony Mare No. 74, weight 697 lb., was treated as above ; 
beginning with 4 grm. soamin subcutaneously on October 27th, 
she received 38 grm. of arsenic in 23 days, the last dose being 4*75 
grm. This mare was for a long time regarded as cured ; by Decem- 
ber 7th her weight had increased to 770 lb. 

In April 1918 she was put on to light work ; her temperature 
was, however, still taken night and morning, and her blood was 
examined weekly. 

On February 2l8t, 1918, her morning temperature was 102*6°F. 
On the same evening it was down to 101*2°F. At that time her 
blood was being examined daily, and there was no sign of trypano- 
somes in the circulation. 

Except for that one occasion, the mare’s temperature remained 
normal till July 10th, when her morning temperature was 102°F. 
and trypanosomes were found present in the circulation. The 
mare was given 300 c.c. of a 1 per cent, solution of antimony tartrate 
intravenously. The dose proved too big and she died on July 
11th, 1918. 

The naare had visibly lost condition during June. 

Pony Mare No. ISO was treated, to commence with, as above. 
The arsenic in bolus was increased from 1 to 5 grm. in 20 days, but 
trypanosomes appeared once during treatment, and again 3 days 
after the treatment was stopped. The treatment was repeated and 
10 doses in 20 days were given, being increased from 4 to 7 grm. of 
arsenic. Trypanosomes reappeared 6 days after treatment. The 
mare was next treated with soamin subcutaneously, antimony 
tartrate intravenously, and arsenic by the mouth; 0*7 grm. of 
antimony tartrate was the maidmum dose of that drug given. The 
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mare remained free of trypanosomes for 22 days. She was then 
treated by antimony tartrate alone, and received up to 200 c.c. of 
1 per cent, solution intravenously. She remained free of trypano 
somes for 41 days after the treatment ended. She was eventually 
poisoned in an attempt to find out the safe dose of antimony 
tartrate intravenously. 

This mare was in poor condition when treatment began, but 
improved in condition all the time. 

She was fat when she died. Her normal weight was about 
800 lb ; shortly before her death she weighed 860 lb. 

Pmiy Mare No. .j!) was treated on the same lines as the above ; 
doses of arsenic in the fir.st treatment were rapidly increased 
from 1 to 5 gnu., but trypanosomes appeared twice during 
treatment and immediately after. After combined soamiu, arsenic 
and antimony tartrate the mare only remained 13 days free. She 
was eventually destroyed. She was in poor condition when treat- 
ment commenced, and weighed 700 lb. on 10th November. She 
improved in condition, and on the 16th December weighed 824 lb., 
part of the increase in weight being due to the fact that she was 
in foal. 

Shortly before slie was destroyed she slipped her foal; she 
carried the foal to within one month of the normal gestation period. 

Pony Mare No. !hS, to begin with, was treated in the same way 
as above cases, and like them received very large doses of arsenic in 
bolus (up to 6‘5 grin.). This mare, to start with, was in fair condi- 
tion and tended to improve, but arsenic alone had little effect on the 
trypanosomes which appeared in the circulation during treatment. 
Combined soamin, arsenic and tartrate emetic (small doses) gave 
only slightly better results. 

On February 9th treatment with antimony tartrate alone was 
.begun. 250 c.c. of 1 per cent, solution was injected intravenously. 
The dose was repeated on February 12th, 16th, 18th, 21at and 24th. 

Trypanosomes reappeared in the circulation on May 16tb. 
On that date 180 c.c. of Iper cent, solution of antimony tartrate 
was injected intravenously ; a larger dose had been proposed, but the 
injection was stopped owing to the mare exhibiting signs of distress. 
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On May 19th 400 c.c. of 1 per cent, solution was injected. Since 
that date the mare has had no rise of temperature, and trypanosomes 
have not been detected in the circulation. Her blood was examined 
almost daily up to October 31st, 1918, and two or three times weekly 
since. 

A rabbit was inoculated with 10 c.c. of blood from this mare on 
November 22nd, and has remained healthy to date (February 1919). 

The mare weighed 792 lb. on the 10th December, 1917, and 
830 lb. on 1st May, 1918. 

Pony Mare No. 73, to begin with, was treated in the same way 
as the above. 

She received up to 6 grrn. of arsenic in bolus. Trypanosomes 
reappeared in circulation, 12 days after conclusion of treatment. 

Combined soamin, arsenic and antimony tartrate (small doses) 
gave no better results. 

Combined prolonged treatment with soamin, arsenic and 
antimony tartrate, using larger doses of antimony tartrate, was 
begun on January 18th, and concluded on March 14th. As always 
in these cases, soamin was given subcutaneously, arsenic by the 
mouth, and antimony tartrate intravenously. Up to 200 c.c. of 
1 per cent, solution of antimony tartrate was injected intravenously. 
The mare remained free of trypanosomes until May 25th. 

On May 25th, 320 c.c. of 1 per cent, solution of antimony 
tartrate was injected intravenously. A larger dose was intended, but 
the mare’s jugular glands were sore and she was fid.gety under manipu 
lation, and some of the solution got under the skin. A considerable 
swelling resulted, and the mare was ofi feed for several days. No 
further injections have been made to date. Trypanosomes present 
on the 25th May disappeared a few hours after the injection was 
made and have not reappeared. The mare’s temperature also has 
remained normal. On November 22nd a rabbit was inoculated with 
10 c.c. of blood from this mare. The rabbit has remained healthy. 

The mare has maintained fair condition ; on the 9th December, 
1917, she weighed 768 lb. and on the 1st May, 1918, 860 lb. 

Pony Mare No. 1S4 was heavy in foal when treatment began on 
November 11th. She remained free of trypanosomes for 20 days 
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after araenio alone treatment. The maximum dose of arsenio was 
6-6 grm. 

The mare weighed 684 lb. on November 11th and 760 lb. on 
December 9th. 

Combined, aoarain, arsenic, and antimony tartrate was begun 
on January Si st and continued till February 15th. The mare gave 
birth to a healthy full-time foal on March 18th. During March, 
before the mare foaled, several doses of soamin (subcutaneously) 
were given. The mare had plenty of milk and the foal did well, 
but trypanosomes reappeared in the mare’s blood on April 29th. 

On that date an injection of 300 c.c. of 1 per cent, solution • 
antimony tartrate was made intravenously. 

She remained free of trypanosomes till September 29th, 1918. 
On that date she was given 4 grm. soamin subcutaneously. 

Trypanosomes disappeared and did not reappear till Nov^ember 
11th ; 4 grm. soamin was again injected. Trypanosomes reappeared 
on November 21st. 

5 grm. soamin was given subcutaneously. Trypanosomes have 
not reappeared up to date (February 1919). 

The foal, now 10 months old, has done exceptionally well since 
bkth, and is now about the finest male foal of his age on this farm. 

Camel No. 9. Trypanosomes were first found in the circulation 
on October 24th, 1917. He was treated by combined soamin sub- 
cutaneously and arsenic intravenously, as recommended by the Camel 
Specialist’s extant reports. The treatment concluded on Nov. 11th 
with 1‘6 grm. arsenic intravenously and the camel off his feed. The 
camel fed again on the 12th, and has not been sick or sorry 
since up to date (February 1919). On December 10th, 1917, he 
weighed 1,208 lb. 

His blood and temperature were examined twice weekly till 
December 1918, and trypanosomes have never been detected in the 
circulation since October 24th, 1917. 

A rabbit inoculated with 10 c.c. of blood from this camel on 
November 27th, 1918, has remained healthy. 

Gamd No. I2. Trypanosomes were detected in the circulation 
on October 23rd, 1917. He was treated in the same way as camel 
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No. 9, and like'camel No. 9, 15 grm. of arsenic intravenously, his 
iast dose, put him off his feed for one day. 

He has n.ever been sick or sorry since. He was kept under 
observation up to December 1918. 10 c.c. of his blood was inocu- 

lated into a rabbit on November 22nd. The rabbit remains 
healthy. 

Camel No. 14^ Trypanosomes were detected in his blood on 
October 12th, 1917. He was treated in the same way as above and 
has remained healthy up to date. The rabbit inoculated with his 
blood on November 22nd, 1918, also remains healthy. 

Camel No. 1.). A Dachi. Trypanosomes were first detected 
on October 2nd, 1917. The arsenic and soamin treatment was not 
successful. Trypanosomes reappeared in the camel blood on 
December 9th, 45 days after the first treatment concluded. 

The treatment was repeated, using small doses of antimony 
tartrate intravenously alternated with the arsenic doses. 

Trypanosomes again reappeared 45 days after treatment 
concluded. 

On February 14th, 1918, the camel received intravenously 
250 c.c. of 1 per cent, solution of antimony tartrate. This dose 
was repeated on the following dates:— February 16th, 18th, 21st, 
26th, March 4th, 8th, 13th and 17th. 

Since February 14th, 1918, no trypanosomes have ever been 
detected in the blood of this canrel. A rabbit inoculated on 
November 22nd remained healthy. The camel was kept under 
observation up to February 1919 and will remain under observation 
as opportunity permits. 

All the above camels were put into regular work immediately 
after treatment concluded, and on some occasions worked while 
under treatment. 

All are now in very good condition. 

The Dachi No. 13 was always from the first in fat condition. 
She weighed 1,422 lb. on the 10th December, 1917. 

All the above cases, except for one month when he was on 
leave, have been in the charge of Veterinary Assistant Ata 
Mohammed (now 2nd Farm Overseer on this farm) ; while he was 
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away they were in my sole charge. Nearly all the doses to equines 
were given in my presence or by me. The camels were treated 
(except for the one month) entirely by Veterinary Assistant Ata 
Mohammed, whose previous experience of the disease while serving 
under the Camel Specialist came in very useful. 

The above results appear to me to be decidedly encouraging, 
while in the light of our present knowledge of surra I hesitate to 
claim definite cures, hasty condemnation of treatment should, I 
think, be deprecated. 



THE IMPROVEMENT OF INDIAN DAIRY CATTLE.* 


BY 

A. K. YEGNANARAYANA IYER, M.A., F.C.S., N.D.D., 
Deputy Director of Agriculture in Mysore. 


The improvement of the milch cattle of India has occupied 
considerable attention in recent years, both at the hands of the 
departments of agriculture and of the public. It is noteworthy 
that, in fact, all questions connected with dairying are receiving 
an increasing amount of attention and study, so much so that dairy 
husbandry and the problems connected therewith, promise to 
become one of the foremost among the various branches of agricul- 
tural study in this country. We have already a fair number of 
large and well-equipped dairies conducted mostly by the Military 
Department, where milk is handled in large quantities, cream and 
butter made by up-to-date methods, and even the manufacture of 
cheese taken up. There is a goodly amount of business done by 
importers of dairy machinery, chiefly of cream separators and butter 
churns. We have a Dairy Farmers’ Association in the country 
conducting a journal devoted to dairying matters, and an examination 
for the National Diploma in Dairying has been instituted which bids 
fair to becomes coveted honour among our agricultural graduates. 
There is also a growing amount of recognition by Government, 
for some of the provincial departments of agriculture are being 
strengthened by the appointment of specialists in animal husbandry. 
Recently, too. His Excellency Lord Willingdon gave a strong impetus 
to the industry by himself setting an example to the landed 


* A paper read at the Sixth Indian Soienoe OongresB* Bombay, January 1919 
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aristocracy of India, in the matter not only of keeping hi^ grade 
dairy herds on their home farms but also of building up such a 
herd by steady improvement. 

The industry indeed is in such a backward condition and the 
need for improvement so great and urgent that we require all this 
and a great deal more of public attention bestowed on this subject. 
The problem of milk supply in cities is becoming everyday more 
acute, while even in parts of the country noted for their dairy 
products, milk, butter and ghee are becoming scarce and high priced, 
and such as is available is often foully and shamefully adulterated. 
More milk and wholesome milk has to be produced at prices not so 
high as to make it beyond the reach of all but the well-to-do classes 
of people. The prices of dairy cattle and of feeds and fodders have 
gone up, and it seems to be admitted on all hands that the city 
dairyman is by no means a prosperous individual — oftentimes hope- 
lessly in debt, and at best only making a hand-to-mouth existence. 

The problem has been studied by many people, and various 
recommendations such as may be suited to different local conditions 
made. The most important among such recommendations are, 
firstly, the production of milk not in the cities themselves but on 
special farms, or as part of general farmuig, out in the country 
and the transport of the milk to the city for sale, a measure much the 
same as one finds in European and American cities and requiring 
quick transport, the organization of wholesale depots, refrigerating 
arrangements, and so on. This indeed is bound to come, for it is, 
I venture to think, one of these changes which are brought about 
automatically by the growth of cities of the modem type. The 
second recommendation is the improvement of the m il k ing quality 
of the animals themselves, i.€., the breeding of a superior type of 
milk animal. The importance of this recommendation is too obvious 
to be emphasized, for the average Indian cow or buffalo seldom 
yields milk enough to pay for its keep. 

A surer means of lifting the industry out of its present unsatis- 
factory condition than this one of breeding a superior type of animal 
cannot be thou^t of. When, however, we come to decide as to the 
metiliod by which we have to attain this end, we are faced with 

6 
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several difficulties. Shall we confine ourselves in this matter to the 
indigenous Indian breeds selecting the best among them, and continue 
the process of selection and weeding out imtil we get together a type 
considerably superior to the general bulk? There is no doubt 
much to be said for this method. Speaking of our own Mysore 
cattle, it is not uncommon to find cows yielding nearly 4,000 lb. 
of milk in a lactation period, and if this is a measure of the improve- 
ment possible in a general herd, it will be no small achievement 
if we can breed by selection alone such a t 3 rpe. There is again the 
further advantage of suitability of the breeds to their tract, for they 
are native to it ; and, furthermore, there is the certainty of a handsome 
price for male calves, for these grow into a much-prized type of 
dxaft bulls. The method is however very slow, as it will take 
seveeal -generations of cattle to raise the level of even a picked 
herd. Shall we then adopt the method of crossmg the local cows 
with English or Australian sices of reputed milking breeds ? The 
production of animals with considerably increased milking capacity 
by this method is exceedingly quick, for the very first generation of 
the cross-bred cows shows the improvement very strikingly indeed. 
It is this somewhat tempting prospect of being able to collect together 
within a period of, say, some three to five years a herd with the 
high milking quality we desire so much that constitutes the merit of 
this method. One has only to keep a good British or Australian 
sire — as a matter of fact the Ayrshice seems to be the one much 
thought of for this country — in a herd of local cows, and wait the 
short period of three to five years when the offspring born of these 
two breeds grow and become milkers themselves. 

The improvement in the milking quality of the offspring over 
that of their pure bred country mothers is really remarkable, as 
may be within the experience of all who may have compared the 
milk yields of such animals, so much so that it would seem indeed 
that the cross-bred cows would solve the problem of the milk supply 
in cities, at any rate, as far as the production of milk is concerned. 
Shall we take it then that those of us who have charge of breeding 
stations for dairy cattle should concentrate our efforts in this parti- 
cular line of breeding in preference to grading up indigenous cattle 
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by selection through several years ? This I need hardly point out 
is a most important matter to decide, for it involves the breaking 
of the type of Indian cattle and the introduction into the country 
of a mixture of types, a measure which can certainly not be decided 
iipon except with the fullest knowledge of the consequences. I 
make this the justification for my venturing to make a few observa- 
tions in regard to the limitations and difficulties of this method of 
breeding. I do not refer to the comparatively greater susceptibility 
of these cross-bred cattle to the cattle epidemics of India, though 
tliat itself is a serious matter ; for it may be expected that in the 
cross-bred herds kept by professional dairy ffirmers, the necessary 
precautions against these epidemics, such as inoculation, segregation 
and so on, will be attended to promptly. 

I should like to invite your attention to a different aspect 
of the subject, viz., the risk of disjippointment if certain precautions 
are not taken, and the production of what I may call cross-bred 
scrub cattle which partake of the good qualities of neither breed 
and perhaps combine the bad qualities of both. It is a striking fact 
that the cross-bred offspring of the first generation invariably possess 
the good milking qualities of the breed to which the foreign sire 
belongs. Does this justify us in inferring that the milking quality 
behaves as a “ dominant ” in the Mendelian sense ? I am aware 
that when we come to a character like the milking quality, which is 
the resultant of a number of factors hi the constitution of an animal, 
and try to apply the pruxciples of Mendelism to the manner of its 
transmission, we are treading upon thin ice. But these principles 
have been applied in the plant kingdom to several qualities of 
economic value, themselves , the resultant of nxany factors, and I 
do not know if in regard to cattle, others have not sought to apply 
these principles to this very characteristic, viz., the milking quality. 
If we are justified m considering this quality as a Mendelian “ domi- 
nant,” certain interesting conclusions follow which can guide us as 
to how best we can take advantage of the method on the one hand, 
and how we can avoid disappointnaent on the other. 

Thus it ou^t to follow that (1) if we mate the pure-bred sire 
and one of the first generation cross-bred cows, all the offspring will 
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possess the dominant chaiaoteiistio and 'will therefore be good 
milkers ; (2) if however we mate the first generation cross-bred 
oow with first generation cross-bred bull,*we ou^t to get in the 
progeny good milkers and bad in the proportion of 3 to 1, i.e., 
26 per cent, of the total must be, so far as the milking quality is 
considered, just as poor as the original country oow from which we 
started. All of them cannot be equally good by virtue of their being 
equal as regards the blood of the original foreign parent contained by 
them, but this 26 per cent, will be inferior to the remainder ; (3) 
if again we mate a bull of the first generation cross with a country 
cow, that is to say, if instead of using a pure-bred foreign sire we 
use a first generation cross-bred bull as sire, in the herd we ou^t 
to get in the offspring good and bad milkers in the proportion of 1 to 
1, that is, 60 per cent, of the total consist of poor milkers. So the 
proportion in this case is still further reduced. That is to say, 
although on account of the fact that the progeny in each case is alike 
as regards the degree of foreign blood in them, and breeders would 
say that they should consequently possess the milking or other 
quality in an equal measure, yet if our theory is correct, a large 
number cannot possess that quality. On these considerations it 
follows that except where we use a pure-bred foreign sire, whether it 
be on the pure local cow or on the first generation cross, in all other 
cases it will be somewhat of a toss-upas to what kind of animal we 
shall be getting, for, as stated above, we get both good and bad 
milkers. It is to this uncertainty or diminished chance of producing 
good animals, except where the above-mentioned precaution of using 
only a pure-bred sire is adopted, that I wish to invite your attention. 
I have come across many instances where cows evidently "with foreign 
blood in them, as may be inferred from the suppressed hump and the 
broken coat colour, have proved no better than the local cows in 
their milking quality. Disappointments like this will increase if, 
as it once came under my notice, professional keepers of bieedm^ 
bulls in and about the city try to meet the demand for a 
foredgn sire by keeping only a half-bred bull instead of a pure 
bred, because a half-bred bull is the only one they can afford 
to buy. 
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There is then again the question of the bull-calves of this mixed 
progeny. In the case of pure bred local cattle, so far as Mysore 
is concerned, one of the chief sources of ready money to the farmer 
is his male calves, and with the city dairymen of Bangalore and 
Mysore the hope of obtaining a bull-calf from the cows is the only 
inducement to keep a cow which, so far as her milk yield is concerned, 
may be too poor to pay for her feed. The more nearly the bull-calf 
conforms to the popular taste in the matter of colour, physical config- 
uration and other characters, the higher the price it fetches. This 
is only as I said in the case of the pure local breeds of cattle. In 
regard to bull-calves of cross-bred cattle, just at present at least, no 
buyer of draft cattle would as much as look at them. If they do 
find a sale, they fetch only the price of scrub cattle. The absence 
of the hump and the somewhat strange build of the frame and the 
broken colour and other features -do not attract buyers. Popular 
belief may he wrong. These heavy and long bodied cross-bred buUs 
may be powerful animals, hardy as the local ones, and suited to the 
needs of the ryot. In fact a few cross-bred bullocks may be occa- 
sionally seen even in the countryside ; while in cities, such bullock 
teams are frequently seen hauling heavy loads. It is, however, 
reasonable to expect that these beasts cannot be as hardy as the 
local breeds of bullocks, nor so capable of withstanding cattle diseases 
either, and in the hands of the ryot out in the villages the matter of 
inoculation against diseases or segregation cannot be thought of. 
It is, however, different with the cross-bred cows, for they are likely 
to be located in special dairy farms and looked after properly. 
It is this question then of the disposal of bull-calves, in a country 
where the slau^ter of cattle except those which are imfit to live is 
considered a horrible sin, that has cooled the enthusiasm of many 
a dairy expert keen on the subject of cross-breeding. 

Lastly is the fate of the scrub progeny of the cross-bred ; ^e 
have seen that except in the cases where only the pure-bred sire is 
used, the offspring of cross-bred cattle caimot be all good milkers. 
The more we use other than pure-bred sires, the more are these 
nu Qert ftin cattle thrown out, both bulls and cows, the bulls possessing 
none of the characteristios prised by buyers of draft cattle and iJie 
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COWS useless as milkers, and both being equally at a disadvantage as 
against pure country cattle in their susceptibility to cattle diseases. 
The only method of restricting the chances of such undesirable cattle 
is to arrange that cross-bred bull-calves are castrated at the breeding 
farms before the age when they can be of use as sires, just as we 
have been recommending for years past in the case of the undesirable 
male calves of the village cattle themselves. 

The popularity of the cross-bred cow as a dairy animal is un- 
questioned and is steadily increasing. In a census I took some years 
ago of the dairy cattle of Bangalore this was strikmgly brought out. 
The only reason limiting their more extended use is the loss they 
imply in their begetting bull-calves of practically no value. The 
fact that lately some among even the cross-bred cows have proved 
disappointing as milkers is further operating against their popularity, 
and I believe it is due to the indiscriminate use of cross-bred sires 
instead of the pure- bred ones. The fact that in their outward appear- 
ance these cross-bred bulls resemble closely their pure-bred parent, 
while their potency for mischief is not so apparent, is the cause of 
this mistake. 

Probably we shall have to look to the cross-bred cow in this 
country more and more for the solution of the problem of the milk 
supply to cities, and I venture to think that the precaution of using 
a pure-bred bull either to meet the need of city cow-keepers or for 
the use of special dairy farms in the country, will minimize the risks 
and disappointments attendant upon the resort to this method of 
breeding cows for the milk trade of the country. 



NOTE ON LAND DRAINAGE IN IRRIGATED 
TRACTS OF THE BOMBAY DECCAN.* 


BY 

C. C. INGLIS, B.AI.. 

Kx'r.u>ive Engineer, Speei-d Irngatinn IHutiirt. Poona. 

Just as the conditions which determine irrigation practice 
in the Bombay Deccan differ in almost every essential jfrom’ those 
which determine irrigation practice in Northern India, so the prob- 
lem which confronts us with reference to land drainage difiers in 
almost every essential. 

Just as an irrigation engineer when he comes to the Deccan 
has to unlearn or forget a lot he hitherto looked on as the ABC 
of irrigation practice, so the oflScer in charge of drainage and reclama- 
tion can make little headway until he realizes that the problem to be 
faced is essentially different from what has been usually met with 
elsewhere. 

In Northern India, I understand that — 

(1) the salt pre-existed the canals; 

(2) sodium carbonate gives most trouble ; 

(3) the soil is homogeneous ; and 

(4) the groimdfall small. 

In the Deccan — 

(1) the damage may be said to be entirely due to the opening 

of canals; 

(2) sodium carbonate is almost entirely absent, sodium 

sulphate and, to a less extent, chloride being in great 
excess ; 

* A p»por road at the Sixth Indian Soienoe Oaagress, Bombay, January 1919» 

( 781 ) 
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(3) the soils, subsoils and substrata vary excessively and 

abruptly; and 

(4) the groundfall is very great (of the order of 1 in 1'60). 

In the Deccan we are mainly concerned with six quite distinct 
types of surface soils and six distinct types of substrata, and these 
vary enormously in thickness, the change frequently being very 
abrupt. 

From what I have said two points will be clear — 

(1) that the conditions are excessively complicated ; and 

(2) that the problem is mainly one of preventive drainage 

I do not propose to go into detail as to the difficulties met with 
and overcome, or the successive steps which led us to the conclusions 
arrived at, but will merely state broad facts. 

As to whether some of the substrata are of colluvial or residual 
origin is still uncertain ; but fortunately we can ignore this point 
for the moment. 

Each eSRureip {see Cross Section) may be looked on as a valley 
once denuded of soil — ^and very much like any existing Deccan 
valley near the hills — which has been filled up with colluvial silt. 
There are five distinct types of strata : — 

(1) Soil — impermeable when wet, but which' cracks when 

dry. 

(2) Subsoil (upper) — (i) impermeable. 

(3) Subsoil (lower) — (ii) moderately permeable. 

(4) Substratum — very permeable and sometimes fiissured. 

(6) Fissured rock — slightly to very permeable. 

Near the ridges there is a very thin layer of red soil overlying 
disintegrating trap rook — ^locally called murum from which it is 
derived. This murum stratum may be of considerable depth near 
the ridges and is excessively permeable. As we go down the sides 
of the ridges, we find that the surface soil gets gradually deeper 
both in colour and thickness, and when the mmum becomes about 
4 feet below the surhice, a subsoil of yellowish red colour, locally 
called chopan, intervenes. At or near this point the permeable m/urwn 
stratum usually dips diarply, with a consequent increase in the 
depth of the subsoil stratum. When this occurs we usually find 
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that the subsoil is divided into an upper impermeable layer, and a 
lower sli^tly to moderately permeable layer, and the hard perme- 
able top substratum changes to Ume kanka/r, which towards the 
bottom of the valley changes to massive kankar, locally called 
man. 

We see then that we have three distinct layers of permeability, 
an almost impermeable upper layer of soil and subsoil, a ali^tly to 
moderately permeable subsoil, and a very permeable hard substra- 
tum, the latter very often being fissured. Bearing in mind the steep 
fall, it will be realized that with such strata large quantities of water 
will pass, through the highly permeable layer and imder the imperme- 
able surface layer, into the valleys, and wUl pass through into any 
deep river or nala which cuts the permeable layer. On the other 
hand, if the penneable layer is not cut, or if it is of insufi&cient thick- 
ness to get rid of the accumulated water, artesian conditions will 
arise, the water being imprisoned under the impermeable surface 
layer. 

This is exactly what we find in practice in our salt areas ; and 
the salt is due to evaporation making a balance between water 
entering the subsoil, and the quantity that the natural drainage 
can get rid of. The amount that cannot drain away is in &ct forced 
through the comparatively impermeable top layer until evaporation 
balances the excess. 

As a rule, when we bore a hole in a salt area we do not find 
subsoil water near the surface. This is most marked. If, however, 
a pit is left for a couple of days, it will be found to contain water 
which has oozed in from the sides and bottom. This is because, as a 
general rule, we do not pierce the moderately permeable lower sub- 
soil stratum till a depth of 6 to 10 feet is reached. At this level 
there is a sudden change, so that when the lower stratum is reached, 
water rushes in through l^e bottom of the bore hole with a hissing 
noise, and rises rapidly to near the sur&ce, sometimes even pouring 
out at the surface. This level we call the level of “ first strong 
flow.” 

When we first started this work one of our difficulties was to 
asoertaih the permeability of soils and subsoils. Laboratory 
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experiments were obviously unreliable even for soils, and were quite 
useless for substrata. It was not until Mr. Thiselton-Dyer put me on 
to the ‘ post hole auger ’ which made it possible to bore holes rapidly 
into the subsoil, that the idea of measuring permeability by the rate 
of recuperation of subsoil water entered my mind. It is obviously 
the most perfect and simplest method to adopt, for the permeability 
of the stratum is measured in situ. 

The coefficient of recuperation is measured by the formula : — 

K 1 , H 
A"T h 
where K = Coefficient. 

T - Time in hours. 

If = Full head of depression, 
h = Head of depression after T hours. 

A = Area of bore hole (which goes out in our case as it is 
constant). 

Having obtained the level of first strong flow, and the permeabi- 
lity of each pit by a recuperation test, it might be thought we had 
only to place our drains along a line of high coefficients and at first 
strong flow level to effect full drainage. Unfortunately this is not 
the case as is exemplified in one part of the Baramati experimental 
area. There, a drain placed along a line of high coefficients and at 
first strong flow level, has had a most disappointing effect, water 
standing 4 feet higher than the drain at a distance of only 20 feet. 
Our drain has in fact merely drained off the local water, and has 
had practically no effect on the deep subsoil pressure which appears 
to be mainly developed along fissures. 

This is a very extreme case, in what was the worst affected 
area on the whole Nira Left Bank Canal ; but many of the worst 
areas are modifications of this extreme type. In this area we have 
struck one fissure which gives a discharge of J cusec, which is more 
than the discharge of all the drains, which total nearly a mile in 
length) put together. 

In many cases, however, high coefficients are an excellent guide 
and almost always give valuable information, but they have not 
provided a full simple solution for all oases. In other words, it is hot 
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always sufficient merely to trace local permeable strata ; we must 
also trace the natxural deep subsoil flow before we can hope to make 
drainage fully effective at a minimum cost. 

The fact that we have to deal with a pressure is what has to be 
grasped, and is what makes the problem so very difficult. 

You cannot skim off the top water — so to speak — for the pressure 
still remains, transmitted through the permeable layer at a great 
depth and very probably through local fissures. For this reason 
intercepting drains have been a complete failure, the subsoil water 
level and pressure rising abruptly immediately below the drain. 
This is because we have only cut through a moderately permeable 
upper layer, in which the pressure is merely diffused. It is, in fact, 
on a parallel with tryin.g to reduce the pressure in a water main by 
opening a tap in a house. Unless you can strike the main, or at 
least submain, you cannot appreciably affect the pressure. Another 
alternative would be to open hundreds of taps, i.e., to open numerous 
small drains, but in land drainage this would be excessively costly 
and cannot compare with finding the main natural drainage, if 
tliat be possible. 

Our first work, therefore, consists in opening out the natural 
deep drainages, or the original ifMlxis of the denuded valley. 

Recommendations have been made from time to time to reopen 
the existing nalas which have silted since the canal w’as opened, 
and where the original mlas and depressions were along the natural 
drainage lines this is what must be done. What we have found, 
however, is that the nalas very frequently do not follow the natural 
drainages, and that the depressions or subsidiary nalas seldom do. 
They are, in fact, nothing more than secondary superficial drainages. 
Besides, where they do follow the natural drainage little damage has 
occurred. Where the damage occms is where the natural drainage 
line has been filled up with silt, and a new surface drain bearing 
no relation to the natural drainage has been superficially scoured. 

In the canal area, many of these drainages have been opened 
by the irrigators along the line at which murum dips below the 
impermeable subsoil layer at the point at which the subsoil 
water finds an easy outlet before becoming imprisoned under the 
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deep chopan layer), while many of the partly silted natural drainages 
have been completely blocked by banks and levelling. Where this 
has been done the land is rapidly ruined, and the energy and money 
ej^ended worse than wasted. 

In other places the superficial trenches so fer from acting as 
drains merely collect water, and at lower levels they act as supply 
channels adding to the damage instead of reducing it. 

The main work to be done, therefore, is to trace the deep natural 
drainages, and open them out where possible. Where on aocoimt 
of the permeable layer being at a very great depth, as is frequently 
the case in the Godavari valley, all perennial irrigation must be 
stopped and the canal lined. 

Subsidiary drainage will be comparatively simple, thoug^h costly, 
and this again will have to follow the natural subsidiary drainages. 

Where the permeable layer is at such a depth that a drain reach- 
ing down to it is out of the question, much can still be done by 
driving down bore holes into this stratum, when the water rises 
under pressure and can be carried away by a comparatively shallow 
pipe drain at about 6 feet. The main difficulty about this is that 
the greater the depth, the greater the cost of tracing the natural 
drainage. 

Where free drainage is prevented, and water rises to within 3 
to 4 feet of the surface, damage is likely to occur. The seriousness of 
conditions will, therefore, be realized when it is stated that at least 
two-thirds of the area suitable for sugarcane in the Nira Left TUnIr 
Canal perennial section has water within this dangerous limit, 
and in many cases salt is merely kept down by constant heavy 
irrigation. 



THE PREVENTION OF SOIL EROSION ON TEA 
ESTATES IN SOUTHERN INDIA.* 


BY 

RUDOLPH D. ANSTRAD, M. A., 

Deputy Director of Agriculture, Planting Districts, Madras. 


At the meeting of the Board of Agriculture in India held at 
Pusa in 1916, the subject of soil erosion was discussed, and it was 
resolved to bring to the notice of planters the fact that the serious 
losses due to soil erosion in the planting districts, which have taken 
place in the past, are to a large extent preventible.^ 

Dr. Hope, of the Indian Tea Association, has published an 
interesting accomrt of the methods adopted in Java, by means of 
terraces, to prevent loss of valuable top soil in the tea districts.^ 
Here, however, the terracing is done on new land when it is opened 
and before the tea is planted. The problem presented on many 
estates in South India is how to stop soil erosion in old established 
tea, and a good deal of work has been done in several districts 
during the last few years with the object of solving this problem 
in a practical and economic manner. 

Two methods have been adopted with success. The first is a 
modification of the terracing work done in Java. At the time of 
pruning, trenches are opened along the contours of the slopes at 
intervals of four or five rows of tea bushes. These trenches are 
put in with a road tracer and made 18 inches to 2 feet deep, and in 


* A paper read at the Sixth Indian Soienoe Congress, Bombay, Januai^ 1919. 

1 Proceedings of (he Board of Agriculture in India held at Pusa on 1th Feb, 1919, «im? 
foUowitig days, p. 34. 

• Loe. oit*, p. 76, 


( 787 ) 



788 


AGRlcuLtuftAt Journal or JnoIa [XIV, v. 


them the tea prunings are buried, the upper layer of pruuings being 
packed so that the butts project from the ground level when the 
trench is filled up some 6 or 8 inches. The soil in the intervening 
rows of tea is then forked and manured, if necessary, and in some 
cases a green dressing crop is sown on it. The fence of buried 
prunings serves to catch any soil which is washed down from above 
and retain it. Uriortuniitely the tea has in nearly all cases been 
planted in such a way that the lines run up and down, the hill, 
and not along the contours, but it is possible to arrange for the 
estate work, plucking and weeding, to be done along the contours, 

1 nd this gradually helps to form natural terraces where the prunings 
have been buried. At the next pruning season., some three or tour 
years later in our case, the terraces are repaired an.d improved, 
and new ones made in the same way. This method has been 
found to stop soil erosion to a very marked extent, and it is 
coming much into fav our on moderately steep slopes. 

The second method used is to abandon forking and clean weeding 
on very steep slopes, and to keep the soil covered all the time by 
some selected weed. This method of dealing with steep s\>pe3 lias 
of course met with a great deal of opposition from the clean weeding 
school ; but in Southern Ir.dia at any rate, I am happy to say, the 
fetish of clean weeding is rapidly becommg obsolete. The choice 
of evils lyin,g between keeping a cover of weeds on steep slopes and 
allowing them to be washed by the heavy monsoon rains is largely 
in favour of the weeds. The utmost harm that the weeds can do is 
to absorb moisture in the dry weather from which the tea suffers a 
little, but this cannot compare with the harm done by the ( onstant 
loss of valuable top soil, which goes on from slopes kept clean and . 
forked. Any plant food which the weeds take up from the soil is 
ultimately returned to it again as the weeds rot down, and returned 
in an available form, while if the weeds are leguminous there is a 
steady accumulation of nitrogen. 

It is sometimes thought that forking prevents soil erosion, 
but this is far from being the case. In the process a consideiable 
quantity of soil rolls down the slopes on to the roads, however care* 
fully the work may be done, and much of this is carried away 1^ 
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the first heavy rains. Experiments carried out in Ceylon showed 
that the erosion from a forked surface was more than from a similar 
surface kept clean-weeded. The logs of soil from a clean-weeded 
surface during a certain time was 814 lb., while that from a similaT 
surface in the same time which had received a plain deep forking 
was 1,393 1b. 

The method ad.opted is to establish some particular weed 
by means of selective weeding - that is to say, the weeding coolies 
are taught to leave the particular weed chosen and remove all 
others by hand. In this way a cover of a particular plant is soon 
established on the steep slopes, and this is kept in situ rll the time ; 
the utmost that is done to it is to sickle it and clean it out from 
round the bases of the tea bushes. In this way soil erosion has been 
almost entirely prevented even on the steepest of banks, and in the 
heavy rains the run-off is clear instead of being laden with silt. 
Moreover, the weeds accumulate humus and add by their decomposi- 
tion a valuable surface layer to the .soil which is retained. 

A number of weeds are bein.g used for the purpose. The ideal 
plant is a leguminous one, which will accumulate nitrogen., a plant 
which does not either climb into the tea bushes, or make too thick 
a mat on the grouiid, and one which grows on.ly a few inches high. 
Such a plant is hard to find, and the one which most nearly matches 
the ideal is Cassia mimosoides, L. This plant, at elevations of 4,000 
feet and over, has a short habit of growth, branching and spreading 
out at the base. Its feathery semi-sensitive foliage allows the rain 
and sun to reach the soil, while at the same time protcctmg it from 
erosion. It is fairly easily established an.d it seeds freely. On 
many estates it forms a thick cover and has been found a most 
useful green dressing and soil preserver. 

Another leguminous weed of which use hag been made is 
Parochetm ccnnmunis, Hamil., a plant with a clover-like habit, 
but it is not easy to establish over big areas and its life is not long ; 
it dies down to the creeping rhizome in the hot weather 

When a suitable leguminous plant cannot be found or easily 
established, advantage is taken of the presence of other weeds, and 
these are encouraged and established. Among these may be 
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mentioned OxaUs oomioulata, L., wHoli is vexy easily established and 
which foims a dense Aort oovei easily controlled. Many hundreds 
o{ acres of steep land are now under this weed, and the tea has decid- 
edly benefited and the soil erosion under OxaHs is practically nil. 
No harm whatever has been done to the tea ; yields have been main- 
tained and in fact have increased, and in the hot weather the effect 
on the tea is very slight. 

Any weed has been considered better than none at all on steep 
slopes, and when the above-mentioned cannot be established, use 
has been made of the following plants, either by themselves or 
mixed : Cotvla australis, Hork. ; Gcurdamme hirsuta, L. ; QaUnsoga 
parvijlora, Cav. ; and Laurenherghia Mrsuta, W. & A. 

The intelligent use of weeds has gone far to overcome a form 
of soil erosion which has in the past caused a great loss of soil and 
done a lot of damage in some parts of the tea districts of Travancore. 
Here the land is very steep and the soil is of such a loose texture 
that in the dry weather the angle of repose may be exceeded, and 
at the least touch the top soil comes sliding down. "Wind even 
sets it moving and the plucking coolies passing through the fields 
send the soil tumbling down the slopes on to the roads. The loss of 
surface soil in such places has been enormous and very rapid, and the 
ridges are in some places almost entirely denuded of surface soil 

On such soils the maintenance of a permanent crop of selected 
weeds has gone far to stop this loss and solve the soil erosion problem, 
which has always been recognized by the planters as a serious and 
important one. 





Crop of sugarcane planted with single eye-bud (point upwards 

(Group ot tbe members oC the District Agricultural Association, Dharwar, with its President Mr. E. G. Turner, 1. C. S., standing in the middle.) 



FURTHER EXPERIMENTS AND IMPROVEMENTS 
IN THE METHOD OF PLANTING SUGAR- 
CANE AND FURTHER STUDY OF 
THE POSITION OF SEED IN 
THE GROUND WHILE 
PLANTING.* 


BY 

M. L. KULKARNI, 


Actinfj Depfity Director of Agriadtme, Soother o Division, Bombay Presidency. 


As promised in the concluding portion of my preliminary 
paper,* read at the last meeting of this Congress held at Lahore, on 
the single eye-bud method of planting sugarcane with the eye-bud 
placed upwards, I give to-day the results of outturn as obtained 
by that method, and compare them with other improved methods. 
As stated in Iasi year’s paper, the comparative experiments were 
tried on the Dharwar Farm which is not quite a typical place for 
sugarcane. Here, owing to the peculiar conditions of soil and water, 
the Brix reading of the cane never went above 14 per cent, in 
the diflerent methods of cultivation. Hence, in comparing the 
outturns, only the weight of cane is taken and not the gur (crude 
sugnr). 


* A paper read at the Sixth Indian Soienoe Coogrees, Bombay, Janaary 1919. 

AgriouUural Jmrncd of /ndia, Special Indian Science Congress Number, 1918, 

p. 125. 
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The following is the statement of outturn of sugarcane under 
the two methods of planting : — 


Number 

Method of 
planting 

Area in gunthas * 

Number of eyes planted 

Number of plants germi- 
nated after 20 days of 
planting 

Percentage of germi- 
nation 

Number of plants finally 
kept, including mother 
and tiller plants 

Number of canes 
hanrested 

& 

9 

i 

*s 

I 

Remarks 

1 

Single eye-bud, 
point up- 

1 

901 

833 

82 i 

I 

i 

1,079 

813 

lb. 

4.325 


2 

wards. 

Three eye-buds, 
points side- 
ways. 

1 

1,002 

511 


889 

782 

3,366 




i 

1 



i 


• One guntha = :^th of an acre. 


Number 

Method of 
planting 

Number of eyes planted 

fi 

tm 

Sc 

1 

o 

u 

11 

<8 

a 

1 

& 

o 

0) 

s 

ga 

Si .2 

Pk 

Number of plants finally 
kept, including mother 
and tiller plants 

Number of canes 
harvested 

Weight of canes 
harvested 

Average weight of cane 

Remarks 

1 

Single eye-bud. 

27.030 

24,990 

82 

32,370 

25,290 

lb. 

129,750 

lb. 1 
51 

57*8 tons. 

2 

point up- 

wards. 

Three eye buds, 
points side- 
ways. 

30.060 

16,330 

50 

26,870 

23,460 

i 

100.980 j 

4'8 








The Brix reading in both the methods, as said above, was only 
14’2. With this reading, the outturn of gwr obtained was in — 

lb. 

(1) Single eye-bud, point Upwards 1 ... ... ... ... 12,570 

(2) Three eye-buds, points sideways ... ... 9,600 

Had the Brix been 18 or 19 per cent., as in the typical sugarcane 
tracts, the yield of ffur would have been — 

lb. 

.. ifljn 
... U,726 


(1) Single eye-bud, point upwards 

(2) Three eye-buds, points sideways 










PLATE XXIX. 



ammonium sulohate was given as 




Side view, in its early stage, of crop of sugarcane planted with two eyes up, 
( Uniformity of crop to be marked. ) 
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From tlie above statement it will be seen that, in the case of 
single-eye-bud planting with the point upwards, the yield of canes 
has been about 25 per cent. more. This higher outturn is partly 
due to the position of eyes while planting the setts, and partly to the 
removal of tillers as previously described. 

Plate XXVIII is a view of last year’s cane crop with single 
eye-bud (point upwards) at the time of harvest. 

Further experiments on a larger scale are being carried out on 
the Canal Farm at Gokak. 

There are, however, certain disadvantages in the method de- 
scribed above. The sett being too small and exposed on both sides 
close to the bud, the plants developed from these buds, though 
quicker in germination than the side-bud planting, look somewhat 
unhealthy during the first month till a small dose of ammonium 
sulphate is given as a top-dressing, as will be seen in Plate XXIX, 
fig. 1 . Whep the top-dressing is given, the crop, though weak before, 
begins to grow as luxuriantly as crops under other methods. 
(Plate XXIX, fig. 2.) 

A further improvement was made in the method of planting. 
Setts with three eyes were taken, as is the usual practice, and the 
middle eye was removed by a knife ; the sett was then placed with the 
remaining two eyes upwards. 

Plate XKX shows the side view of the resulting crop in its early 
stage. 

To get the Tnaximiim number of canes in the method of “ two 
eyes up,” the setts are planted at 2^ to 3' apart, and the distance 
between two setts is about 6*. This gives about 26,000 canes per 
acre at harvest time. It is expected that the yield of the two-eyes- 
up method will be better than that of the single-eye-up of last year, 
the former removing the defect of the small exposed sett and 
retaining the advantage of position of seed. The results will be 
available next year. 

As stated in last year’s paper, the uniform crop of cane obtained 
by the sing^e-eye-bud method with all the eyes placed upwards 
suggested, wi3i regard to the cause of unevenness in the plants 
ih <HBdmacUy sown field^^^ the non-germination even of some 
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of the good seeds, that these differences inay be partly due to the 
position in which the seeds fall in the ground while sowing. Acoord- 
inj^y, last year, further tests of different kinds of seeds in different 
positions were made. 

In the case of maize, seeds planted with the points upwards 
genninated last, and produced weak seedlings ; while seeds planted 
with the points downwards and sideways produced healthier plants. 



Point 

up*down-8ide*8ido« 

Pot teit with maiw sead. 


Point 

8ide*8id8’doirn>up, 


Field tests made this year on leguminous crops (viz,, saim-hemp, 
jack beans) and cotton, show that the plants produced from seeds 
planted with the points downwards or sideways are better than 
those coming from seeds with the points upwards. The results 
obtained in all these crops are uniform. (Plate XXXI.) 

The observations made in the field experiments carried on during 
the current year, w;here seeds naturally hill deeper in the ground 
in pots, showed that, as in the case of cotton described last year, the 
seed coat was freed in certain plants from the plumule, before 
appearing above ground, by the weight of the soil through which it. 
had to force itself up; However, great variations were seen in the 
ypimg, plants in a field crop, soine germinating eariy with hcMtli^ 
ectj^ns ai^d some coming up late with sioWy seedlings thou^ 
sowh at the same time imd under similar conditions. This indueedi ■ 





^oint up. 


Point down. 

Kumpta^cotton, bushy type (Gokak Farm). 


Point sido, 





•A 



itf) 


Radicle bent. 

Root systems of cotton plants wi 


A 



' 

/ / 




Pctnf Stds 


Radicle atraight. 

different positions of seed. 
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the writer to examine carefully both the healthy and weak plants, 
and it was found that, in the case of healthy plants, the radicle and 
the plumule form a straight line, the former going straight down and 
the latter coming straight up. In the weak and late seedlings 
radicle and plumule go in zigzag ways. 

This is partly due to the improper position of the seed in the 
ground, and partly due to the weight of the soil over and pressure 
by the side which may interfere with the seedlings. Thus the plants 
which receive a check in some way or other while germinating 
remain weak for ever, and their growth is further checked by the 
neighbouring plants which make a healthy start from the 
beginning. 

The following photograph gives an idea of the root system ot 
the healthy and weak seedlings of cotton in their early stage. 



Unhokithy Mid bMitby cotton pUnta from n plot ordinarily sown. 


To know exactly the root system of cotton plants coming from 
difierent positions of seed, a test was made in pots, and the plants 
with their root systems are shown in Plate XXXII. 

The root system of the seedlings, and the consequent healthy 
or weak appearance of the cotyledons, suggests that the unevenness 
of plants in crops in which seedlings are transplanted, such as chil- 
lies, btinjals, tobacco and many other vegetables and fruit trees, 
may be due to the improper position in which the roots are placed 
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in the ground while transplanting. Similarly, the unevenness in 
the growth of several of our cultivated fruit and other trees, and 
the naturally-grown timber and other forest trees, may be due to 
the different positions of seeds in which they are planted or fall of 
themselves. 

Experiments on these points seem necessary. 


Conclusions. 

(a) The position of seed while sowing or planting is one among 

many other causes by which unevenness in plants is 
produced in ordinarily sown field crops, and also of 
the occurrence of non-germination of even some of the 
good seeds. 

(b) It is possible to put the seeds in a proper position in 

such crops only, whose seeds or setts are dibbled or 
planted by hand. 

(c) In the case of sugarcane, an absolutely uniform crop 

can be obtained by planting the setts with eyes upwards 
and by the removal of tillers. 



^tlides 


CO-OPERATIVE MARKETING* 


IIY 

II. C.\LVERT, I.C.S., 
Registrar, Co-operative Societies, Punjab. 


In a country so predominantly agricultural as India, the most 
vital question is not for which crops the climate and soil are most 
suitable, but which crops '.vill yield the highest net return to the 
cultivator. The answer to the first question is to be found in the 
science of modern agriculture, and difierent agricultural depart- 
ments throughout the country are tryiirg to discover it. The second 
question is a problem in practical rural economics and there is as yet 
no school of practical rural economics in India. When communi- 
cations were ill-developed and the prime object of the cultivator was 
to grow food for himself and his family, and a surplus to meet their 
other needs, marketing was simple. The surplus was sold to the 
nearest buyer who paid probably the least he thought the seller 
would take. As communications have improved, the cultivators 
have become less dependent upon the local market, and it has 
become possible to grow tea, coffee, jute, grmmdnuts, and cotton for 
export. Where this is the case there is a tendency either towards 
the capitalization of agriculture, as exemplified by the big tea estates, 
or towards dependence upon powerful middlemen. The individual 
cultivator is not in a position to study the requirements of distant 


* Reptoduecd from the Bombag Co-operative QuorteHg, Much 19ia 

( 797 ) 
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markets, and his own output is too small to permit of hifi embarkmg 
on commercial transactions. So long as he grows staple crops, he can 
without much difficulty secure something approaching a fair price. 
Wheat, for instance, being a world crop, its price is determined at 
the big secondary markets, of which Liverpool is the most import- 
ant. Buyers in India can calculate easily the highest price they can 
offer so as to leave a margin of profit, and competition secures to 
the producer something not far removed from this. Where, however, 
the crop is a specialty, namely, one for which there is no regular 
market quotation, the producer is at the mercy of the middleman. 
If the specialty be not rapidly perishable, the producer may be 
able to hold out for a good price ; if it be perishable, such as fruit, 
vegetables, etc., he is practically helpless, single-lianded. The 
production of specialties is thus dependent on the system of market- 
ing, and it is probably defective organization for marketing that 
accounts, in part, for the small outturn of high paying specialties 
and the devotion Of so large an area to less paying staple crops, such 
as wheat. 

Speakuag very generally, Indian agrictilturists are poor because 
they are trying to maintain by extensive cultivation a population 
more than sufficient for the most intensive system ; as Professor 
Slater has pointed out, the rural worker is unemployed for a large 
portion of the time. In England, one man may look after a farm 
of 70 acres, and three would work one of 125. In this country, 
there would probably be from four to nine on the first, and ten or 
twelve on the second. In dealing with Indian problems, it is unwise 
to generalize, and in dealing with questions of Indian poverty it is 
impossible to account for all the facts by a few causes ; but there ate 
grounds for believing that unless the excess riu»l population can 
be occupied in industries, the hope for agricultural prosperity must 
lie in the evolution of a highly intensive system of cultivation which 
will fully employ and fully repay all the labour available. If the 
outturn of the present kinds of crops in the Punjab were raised 
to the English average, it could not suffice to feed the people on the 
English scale. The land, in short, under the present crops will not 
support the people under an improved dietary. The problem of 
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raising the standard of food is thus not so much only of improving 
the outturn of existing crops, as of evolving a satisfactory system 
of intensive agriculture and of selecting crops that will respond 
to this method. Thus both producer and consumer are intimately 
concerned in the question of growing specialties, and as the growth 
of specialties is largely dependent on the system of marketing, this 
latter problem is deserving of wide attention and deep consideration. 
Now, as Mr. Keatinge has pointed o\it in his “ Rural Economy 
in the Bombay Deccan,” “ the niarketing organization is very 
defective and we can only look to the co-operative spirit.” Wliere 
prices are indefinite, the cultivator requirc.s an organization to 
protect his interests and to secure for him all the advantages 
his crops can earn ; and whatever a cultivator requires in the 
way of organization the co-operative method can usually best 
supply. 

Co-operative marketing requires more careful organization and 
more expert guidance than the more simple forms of co-operative 
activity, such as supply and credit ; it calls for more discipline 
amongst the members and not infreqixently for a considerable outlay 
of capital. To ensure success, careful preliminary study is required, 
and, accordingly, a work wliich describes in much detail one of the 
best known examples of co-operative organization for marketing 
is most welcome. In his ” Co-operative Marketing,”* Mr. Cumber- 
land has successfully attempted to draw an accurate picture of the 
actual operations of the series of organizations that form the distri- 
buting system of the (!alifornia citrus-growers. The subject has 
already been dealt with in somewhat leas detail in Mr. Powell's ” Co- 
operation in Agriculture,” but there is room for this more elaborate 
account, in view of the vast importance of creating a comprehensive 
system of distribution that shall be at once efficient and cheap. 
When the public buys food it is paying the middlemen and retailers 
as much to supply it as it is paying the cultivators to produce it ; the 
consumer gets too little for his money and cannot afford to buy more, 
demand is thus restricted and greater supply is discouraged. There 

* “ Co-operative Marketing," by W. W. Cnmborlaiid, Ph.D., Assistant Professor of 
Kctmomicft, University of Minnegota. 
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is at present much grumbling against hig^ prices which, should be 
directed against high charges for distribution. The expression 
“ hi gh profits ” is avoided, as it is doubtful if the Indian middlemen 
get such profits as some people think, owing to their defective 
methods and lack of proper organization. Somehow, the sight of 
an Indian middleman or retailer poring over books on marketing 
or studying prices in different towns and the coat of sending goods 
there is not common. The average member of this class could not 
read the books or understand the railway tariff, and his educated 
son becomes a pleader instead of an expert distributer. Marketing 
efficiency requires specialized skill, extensive information, and wide 
knowledge. The expert potato-grower, the owner of^ fruit garden, 
or the industrious market-gardener around the big towns is usually 
profoundly ignorant of the general market situation. If he wants to 
know the price of a thing he will enquire from some one seeking to 
buy or from a friend who has just sold ; if he were told that he could 
get a better price at some distant town he would not know how to 
dispose of his crops there. He pours his produce into the nearest 
market which for him is not unseldora the worst. Of the advantages 
of warehousing, storage for a better price, preservation to last over 
a glut, etc., he knows but little. Of grading in order to secure a higher 
price for better produce he has little idea. The result is all round 
inferiority and waste. A cultivator is not likely to expend much effort 
on growing finer vegetables or better fruit, or on breeding a higher class 
of poultry, unless he is reasonably assured of an extra reward over and 
above what his less enterprising nei^bour receives. In the Punjab, 
there was at first considerable difficulty experienced in getting a 
higher price for long staple American cotton. The Agricultural 
Department first started the auction system, and now co-operative 
sale societies are being formed to hold auctions. At the first co- 
operative sales held this season, the staff graded the cotton under 
the guidance of agricultural experts and the resulting classes were 
auctioned separately, and the prices obtained varied with the purity 
of the cotton. The result is that cultivators are prepared to uproot 
from their fields any desi cotton plants that have got mixed up with 
the American variety. Until the American type obtained a 
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price than the old short staple variety, cultivators hesitated to grow 
it ; now the difficulty is to supply sufficient pure seed to meet the 
demand. 

The lack o£ proper marketing organization may again be illus- 
trated by reference to Punjab oranges. The province grows a fine 
orange known as “ malta,” but there is no attempt to place it on the 
market on a modern system. There is no grading, and hence there 
is no inducement to the growers to look after their trees, prune and 
manure them, and improve the fruit. There is little attempt to find 
a wider market, and hence the production is far smaller than it should 
be. The garden-owners usually sell the crop on the trees to a con- 
tractor and seem quite satisfied with the price. There is prac- 
tically no attempt to store, though the orange being hard-skinned 
keeps well, and the whole produce is thrown into the towns as it 
ripens. What the industry might develop into, if thoroughly well 
organized on the lines of the California Cotton Growers Association, 
can only be guessed. One very important advantage to be obtained 
from an efficient system of co-operative marketing is the reconci- 
liation of the two factors mentioned at the beginning of this article. 
For the crop for which the climate and soil are most suitable will 
tend to pay the cultivator the highest return if he can secure a full 
price of it. The adoption of business principles in. agriculture will 
relieve the cultivator of the necessity of growing food for his family 
on soil that is better adapted to something else. He will be able to 
concentrate on the most profitable crop and to buy his food from 
lands better adapted to grow it. In a country of small holdings 
this is of great importance. The average Punjab peasant is poor 
on eight acres, the Californian fiuit-grower is prosperous on fifteen. 
The former grows a variety of crops, some to eat, some to sell, some 
for his cattle, and some, like hemp, for the needs of his industry. 
He is expert in the growing of none. The expert fruit-grower can 
develop a high technical skill. The problems of irrigation, cultiva- 
tion, fertilization, protection from pests, eradication of disease, 
etc., of a single crop are many, but they are less numerous than the 
same , problems for a aeries of crops, so that while only the most 
highly tzaix»d may hope to cope with the latter, a good intelligent 
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cultivator should be able to acquire a sound practical knowledge 
of the former. High technical skill warrants the investment of 
considerable capital, and the cost of cultivating an acre of oranges 
varies from Rs. 260 to Rs. 600 a year. Obviously, with so much 
at stake and so much to recover, the problem of sale is of far greater 
importance than it is in the case of a staple crop of which the current 
price in the chief markets is always easily ascertainable. The price 
of wheat being more or less fixed by factors independent of the 
cultivator, the latter has to seek increased profit by increasing his 
production without an equal increase in cost. But in the case of a 
spe cialty the price obtained is largely dependent on the methods 
of marketing. If the middlemen will serve the producer honestly 
and well, the latter is not likely to combine, but experience shows 
that if the producer desires to be served honestly and well he must 
serve himself, in other words, he must co-operate, and if he once 
decides to co-operate, he will gradually gain all the advantages 
which large-scale efficient organization can give. Of the form, of 
the organization that has grown up in California it is unnecessary 
to give details. It follows closely co-operative principles as practised 
elsewhere. The ‘ one man one vote ’ rule is modified to meet the 
circumstance that one man may have a five-acre orchard and another 
one of 100 acres, and votes vary with the acreage under fruit. 
Further, membership goes with the orchard and not with its owner. 
Thus a member who sells his orchard ceases to be a member. The 
object is to serve the growers at the actual cost of the service, and 
no profits are sought to be made ; the “ dividend malady ” is thus 
avoided. 

The actual results of the co-operative organization have been 
remarkable. The cost of packing has been reduced so that some- 
thing approaching ten crores of rupees has been saved to the pro- 
ducer in twelve years ; by the exercise of organized bargaining, 
railway rates have been reduced, resulting in a saving of fifty lakhs 
of rupees a year ; commission on sales has been reduced from 7 or 
10 per cent, to the actual cost of 3 per cent. ; losses faom failure to 
recover the sale money have been eliminated. Where the individual 
grower is unable to afford the time, trouble, and expense involved 
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iu presenting a claim for damage in transit against a railway or 
transport company, the big organization docs it for him with case 
and success, and railway servants have learned in consequence to 
handle the goods with greater care. A further great advantage has 
resulted from the considerable improvement ii* cultural skill which 
the organization has encouraged. It has been possible to secure 
expert investigation into the various difficulties and to make the 
results known to the growers ; great success has been attained in 
elinvmating waste due to delay ; the causes being discovered, the 
members have Iwen enjoined to avoid the mistakes responsible for 
this source of loss. The biggest task was to find new markets to 
permit of enhanced production and to supply them so as to secure a 
good price without frightening the consumer ; this was in some 
ways the most difficult of all, but careful study aiul collection of 
information solved it. For detailed descriptioi’s of the methods 
adopted to secure these results, the reader is referred to Dr. Cum- 
berland’s book. The essential element is organization on. co-oper- 
ative lines, and no one acquainted with conditions in this country 
will be prepared to doubt tliat extremely valuable results await 
well-directed effort here. The field is immense, but comparatively 
speaking it is empty of workers. The commercial and trading 
classes show little capacity for organization. Their methods are 
as backward in their own business as are those of the cultivator 
in his. We have thousands of pleaders, but i\o expert market organ- 
izer, hundreds of books on Indian law, but hardly a dozen of any 
merit on rural economics. We are told that fathers can find no 
employment for their graduate sons, while numerous factors produc- 
ing poverty and disease lie around neglected. To all with the 
leisure to read and the desire to help India, we can commend 
Dr. Cumberland’s “ Co-operative Marketing ” as a study in the 
practical promotion of prosperity by methods open to all. 
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BY 

HAROLD H. MANN, D. Sc., 
Offg. Director of Agriculture, Bombay. 


The canal areas in the Deccan have features of intense import- 
ance to co-operators in Western India as well as to all others who 
have an interest in the economic development of the country. Some 
of these, so far as I can judge, are unexpected, but the possibility 
of their being repeated in future similar conditions makes their 
study worth while at the present moment. 

The greater irrigation canals of the Deccan are four, and their 
relative characters are as follows. I have, in each case, in order to 
compare the size, indicated the area of “ four months’ crops ” which 
they are calculated to be able to support : — 

(1) The Gokak Canal, which cost 19 lakhs of rupees, and is 
capable of giving water for 10,000 acres of four months’ crops. 

(2) The Mutha Canal, opened in 1873-78, which coat 115 lakhs 
of rupees, and is capable of giving water for 49,000 acres of four 
months’ crops. (As this canal also provides the water-supply for 
Poona, neither the cost nor the area is comparable with the 
others.) 

(3) The Kira Canal, opened in 1884, costing 99 lakhs of rupees, 
and capable of irrigating about 100,000 acres of four months’ 
crops. 

(4) The Godavari Canal, recently opened, and capable of 
irrigating about 67,000 acres of four months’ crops. 


* Reproduced from the Poona AgrieuUural OoUegt Magazin^^ April 1919. 
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All these lie in tracts of very small and variable rainfall, moat 
of the character of the rain coming, when it does come, in heavy 
storms of short duration. Except for the Gokak area, the rainfall 
varies from twelve inches upto about twenty-five inches per 
annum, but is generally under twenty inches over the much of 
the area. As a result of the rainfall, the hill-tops and high 
lands, as well as the upper portions of^ the slopes, are usually 
washed almost free of any fine soil, and hence there are on these 
positions very shallow stony lands. The drainage channels are deep 
and highly scoured. On the other hand, however, the valleys are 
filled with soil of good quality, whose depth largely depands on 
the narrowness and steepness of the valley as a whole. Previous to 
the advent of the canals, the wells were usually deep, and irrigation, 
while it existed in favoured areas, was comparatively uncommon. 
We have, therefore, in these areas, tracts of country, which before 
the construction of the canals were famine-stricken and poor, where 
a fairly good crop could be looked for certainly not more than 
one year in three, where the ordinary dry crops of the Deccan 
were grown, where labour was superabundant and went outside 
to find work, where land was cheap and manure (as in all dry-crop 
areas in the Deccan) little used, where the villages were small and 
poverty-stricken but fairly healthy, and where little capital or credit 
existed. 

These remarks apply to all the tracts in question. In what 
follows, however, I am going to speak more particularly of the area 
covered by the Nira canal, which was not only one of the earlier 
canals, but was brought to a country where irrigation was a new 
thing, and where it has now existed long enough to enable us to judge 
of its economic effect. I know this valley well, and I can speak 
largely from my own knowledge and experience, while to co-operators 
it has a special interest as it has been, and is, a special field for the 
activity of the Bombay Central Co-operative Bank. In the year 
1884, the Jj^ira canal was opened, and the effect on the district which 
is covered was almost immediate. I have calculated the figures for 
the area under sugarcane and under ^rdens, and also the area 
oartying two crops a year in the Bhimthadi Talula (where the greater 
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part of the Nira canal area is situated) at various 
are as follows : — 

times, and they 



Area under 

Area under 

Area double- 



stijjfarcane 

garden crops 

cropped 



Acres 

Acres 

Acres 

1886-86 ... 


445 

999 

7,981 

1890-91 ... 


• 675 

2,656 

14,464 

1895 96 ... 


2,690 

1.423 

8,165 

1901-02 ♦ ... 


5.823 

2,346 

19,975 

1905-06 ... 


5.203 

1,820 

16,665 

1910-11 ... 


6,229 

1,246 

9,626 


* I have taken this year iiiatovd of 19UU-01, as the latter was the year of one of the 
most severe famines in the Deccan, an<l this rather vitistes comparison with it. 

The effect of the iutroductiou of the canal on the agriculture 
of the area waa not, in the first place, a very large increase in the 
amount of sugarcane, but rather an increase in the crops the people 
had been usually growing, like vegetables, and a larger use of double- 
cropping. In other words, it was a continuance of previous practice, 
though on a more intensive scale. But little by little it became evi- 
dent that sugarcane was capable of yielding, under irrigation, greater 
returns than such garden, crops or than such double -cropping, and 
very gradually the amount of sugarcane increased. This was partly 
due to the enterprise of the people themselves, but also, in a con- 
siderable measure, to the incoming of a group of cultivators — ^the 
tSaswad rmlis — who rented the land without any idea of purchasing 
it, but who were expert sugarcane growers and who knew how to 
make large amounts of money by it. 

It will be seen, however, that from a tract of intensive culti- 
vation, the Nira valley canal area tended to become a land of one 
crop. Garden cultivation has declined, and the double-cropped 
area is now little greater than before the advent of the canal. That 
one crop, however, was an exceedingly valuable one And, when 
weU cultivated, gave very large returns. Hence, the land capable 
of being irrigated and of growing sugarcane rose rapidly almost to 
fien times its former value. Areas, formerly saleable for Rs. 60 to 
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Rs. 100 per acre, became worth from Rs. 600 to Ra. 800, ami the 
result was an enormous expansion of credit. 

This very large increase of credit was, however, fully needed. 
Intensive cultivation of whatever kind leads to a very large demand 
for money. In the present case the demand was extreme, for, as 
grown in the Deccan, sugarcane needs more floating capital per acre 
than almost any crop that I know. A man is considered to be 
unwise who spends less than Rs. 500 per acre on a single year’s crop. 
This demand for money, accompanying the rapid rise in the price of 
land, caused a large number of financiers or money-lenders, who 
usually follow closely the growth of high-class crops, to settle in the 
district. It will be seen that the presence of such financiers was 
necessary, but, as usual, when advancing money on a crop, they have 
charged a very hi^ rate of interest, and bargained to act as brokers 
for the sale of the gur or jaggery from the cane. The usual rate of 
interest in the Nira vaUey for advances on the cane crop has been 
18 per cent., the usual brokerage rate for selling the produce, I am 
informed, has been 8' 6 per cent. 

If I may digress a little, I should like to call attention to two 
other indirect economic results of the bringing of canal water into 
the Nira canal area. The first is that it allows much greater sub- 
division of the ownership of the land to take place than would 
otherwise occur. Subdivision, to an excessive extent, is at present 
one of the great banes of Deccan agriculture. But subdivision in 
practice, if not in theory, must stop when the areas owned are not 
worth owning. By increasing the value of the land you can make 
the subdivision of ownership much greater than it was before. The 
second indirect result has been the creation of a feeling that actually 
to work on one’s holding is rather beneath the dignity of a landholder, 
and while, before the appearance of the canal, nearly all cultivators 
would plou^ and cultivate their own land, it is now usual for almost 
all but the very small growers of sugarcane to carry on nearly all 
agriaultuial operations by means of labourers. There is, therefore, 
a greater and greater tendency to depend on labour. 

These matters are, however, by the way. The general progress 
was as follows : — Sugaioane cultivation was found to be capable 

8 
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of giving very high returns. This led to very largely increased land 
values, and hence to greatly expanded credit. This, again, led to 
the greater concentration of effort on the one crop, namely, sugarcane, 
which was able to give the highest returns. 

Now, dependence on one crop is always a risky thing. It is 
risky because the variations in price of a single article (in this case, 
gur or jaggery) may be so great as to destroy a large part of the profit, 
and the crop, in this case, is on the land so long that there is little 
chance of a change in price being foreseen. It is also risky because 
a single crop is always liable to be attacked with disease or destroyed 
by unfavourable weather conditions, and, finally, it is risky because 
land is always liable to deteriorate when grown continuously or 
frequently to one particular crop. These risks may perhaps be 
faced with equanimity if a man is using his own capital, but if he is 
paying over 20 per cent, (including the brokerage) per annum for 
the capital he is employing, and if, ui addition, the capital required 
is very great indeed, the risky nature of the cultivation is much 
emphasized. 

In the present instance, the price has proved much more 
constant than might have been expected, though there was a time, 
about ten years ago, when it fell almost to the cost of production. 
The crop also has been, on the whole, very reliable, and the diseases 
which have ruined the crop in many other places have not done fatal 
damage in the Nira valley. The land has, however, in many places 
deteriorated badly, and this deterioration is, if my information is 
correct, still going on. 

In an area of arid land, brought under irrigation, there is always 
a tendency for an accumulation of salt to take place on the surface of 
the land, unless drainage is particularly good. And this is parti- 
cularly the case if the irrigation is intensive, and if the subsoil, 
formerly dry, becomes filled up with seepage from the canal or from 
the irrigated fields. Now, with the increase of sugarcane cultivation, 
the irrigation became more and more intensive, little attention was 
paid to drainage either by the canal authorities or by the people, 
the subsoil became more and more filled with water, and the land 
became more and more injuriously affected by salt. In many oases ^ 
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the salt increased so much tha tthe land went out of cultivation. 
Over five thousand acres of formerly cultivated land under the Nira 
valley is now useless. But, in many cases, even where the amount 
of salt is not sufficient to cause crops to fail, it becomes more and 
more difficult to obtain a first-class crop, more and more manure 
is required for the purpose and, hence, the already very high cost of 
cultivation tends constantly to increase. Closely connected ^vith this 
matter, too, is another factor which has had, I believe, a very eco- 
nomic effect. The rise in the subsoil water has made the canal area 
unhealthy, and what was formerly a district very free from malaria 
is now one of the most malarious in the Deccan. 

We have, therefore, following on the great concentration of 
effort, capital, and water on one crop— sugarcane - a large increase in 
credit, a large amomit of money in circulation, a large return on 
capital if all went well, but a condition of things very risky for all 
but the most financially stable of the sugarcane growers. A year’s 
lack of success places them in the hands of their financiers, from 
which they can only hope to escape by growing again the same crop. 
In the meantime, the expense required to get a first-class crop has 
been getting greater and greater, and hence the chance of a man 
who once made anything but a brilliant success of any particular 
crop getting over again into financial independence has been becoming 
less and less. The charges for interest and brokerage have, in fact, 
been so great, and the chance of the crop giving the highest yield has 
been getting less to such an extent, that it has been increasingly 
difficult for a man using other than his own capital to make his crop 
pay. 

There has, in fact, been a tendency for the richer men in the 
valley who work on their own capital, still to make good profits 
thou gh they acknowledge these to be much less than formerly. 
Many of the best of these, chiefly the Saswad malis, have departed 
to the more virgin land under the Godavari canal. Those who 
remain, however, still do well, tend to accumulate capital, and give 
an appearance of prosperity to the valley to an outsider. The much 
larger number, who are dependent on advances for growing their 
oiop'but who cannot cease growing it without definitely abandoning 
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their land to their financiers, are, I believe, not making money, but 
becoming poorer and poorer, and tend to be financially more involved 
every year. 

This may be a somewhat gloomy picture of a valley, where the 
canal has brou^t so much wealth, has changed a desert into a 
garden, and has obtained so many advantages for the people. And 
T do not wish to exaggerate in the matter. Sugarcane cultivation 
will still give good returns Avith skilful and careful management. 
But the days when these returns could be got while paying for 
financial aid at the rate which has been customary are, I believe, gone. 
To make the industry pay in future will mean far more attention to 
drainage than in the past, far more care for levelling, far more trouble 
to get the best seed, far more skill in the selection and use of manure, 
and attempts (as for instance, by the use of the Manjri method 
of cultivation) to reduce largely the present coat of cultivation. 

I expect the course of events Avill be more or less the same on 
nearly all canals, andespecially on those which devote themselves to 
the cultivation of one particular highly profitable crop. Some 
men will succeed and become rich, others and the vast majority 
may also do well for a time imtil the causes I have tried to describe 
become operative, and they find a declining crop, which they must 
still cultivate, leading to hopeless financial bondage. To introduce 
at this stage improved credit facilities may help little, unless at the 
same time you bring in such agricultural improvements as will lower 
the cost of production, or increase the yield, or improve the quality, 
so that temporarily, at any rate, the return to the grower may be 
raised to the old rate. Then, and only then, will the improved credit 
facilities become really operative, and enable the cultivators who 
have been almost swamped, to recover their economic independence. 



THE EOaiTlON OF THE EUKOPEAN 8UGAK INDUSTRY 
AT THE END OF THE WAR * 


BY 

H. (’. PR1NS15N OEERLIGS. 

The production of sugar in the European countries is again 
smaller this year than in the foregoing year, and still contin ues its 
downward course, as the table given underneath clearly shows : — 


Tons of 1,000 kilos. 


Countries of production 

1913 14 

1914 15 

1916-16 

Germany 

Austria-Hungary 

France 

Russia 

Belgium 

Netnerlands 

Sweden 

Denritark 

Other countries 


2,718.(KK) 

1,688,3UU 

781, OCO 
1,688.0U() 
229,900 
231.400 
137.200 
145.700 
542,800 

2.564.000 

1.619.000 

295.000 
1,9H9.0U0 

160.000 

295.000 

154.000 

150.000 

600.000 

1,600.000 

938,900 

150,700 

1,667.400 

113,10(1 

242.800 

127.300 

125.(00 

300,000 


Total 

8.161.400 

7.676.000 

5.265.200 



Tons of 1,000 kilos. 

Countries of production 

1910-17 

1917-18 

1918-19 

Germany 

Austria-Hungary 

Fi'ance 

Russia 

Belgium 

Netherlands 

Sweden 

Denmark 

Other countries 

... 

1,500,0(H) 

936, UOO 

207.000 
1,325,000 

I35.00J : 

266.000 < 

118,000 
114,000 , 

I 280,000 

1,600.000 

700.000 

200.000 
1,000.000 

150.000 

200.000 
120.000 
200,000 
200.000 

1,400.000 

900.000 

100.000 

700.000 

100.000 
160.0: 0 
lOO.tOO 

115.000 

240.000 


Total 

1 4,850,000 ' 

4.290,000 

3,805,000 


'■ Reprinted from the Zouiriatut PbMt*r and Sugar ManufadMrrr, wL UIT, no. 9. 

( 811 ) 
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The causes of this decline are situated only for France in the 
direct consequences of the war, because in that country numerous 
sugar houses have been wrecked or damaged or dismantled to 
such an exljeut that out of the 206 factories existing before the 
war, only 61 have been able to do work in this year. It is 
quite certain that even after the conclusion of peace a large 
number of the idle ones will no more be rebuilt, which is to a 
great extent due to the fact that the constructing shops in 
France have also been deprived of their machinery by the 
invaders. 

In all the other European sugar-producing countries the indirect 
consequences of the war have occasioned the sharp decline in the 
production. In the first place, the lack of supply of foodstuffs and 
fodder from overseas has stimulated the agriculture of potatoes, 
breadstuffs, oilplants and the like to the detriment of that of sugar 
beets, while also the area planted with swedes, turnips and similar 
hoe-crops has been greatly increased, bringing along a reduction in 
that devoted to sugar beets. 

In many instances this decrease in the area planted with beet 
has been made voluntarily by the growers, but in many other cases 
they were compelled to do so by Government regulations. Except 
the necessity of cultivating direct food plants, which fetch a high 
price and for that reason present a certain attraction, other circum- 
stances co-operated to decrease the beet sowings still more. The beet- 
root requires an intensive labouring and manuring of the land and 
much care and weeding, in order to produce a remunerative crop, 
which requirements are difficult to satisfy in times of scarcity of 
people, horses, fertilizers and implements. Further, the beetroot 
is the latest crop in the year, being only ripe and saleable at a time 
when all other crops have already been disposed of. Finally, the 
beetroot wants to be pulled and hauled away within a very short 
space of time. As soon as the beets are ripe, they have to be carted 
off before the frost will retard or even prevent pulling and trans- 
portation, and if labour is short and means of tranq)ort not adequate, 
the crop 'may lose in quantity and in quality. All these reasons 
have induced many a farmer to restrict his beet sowings as &r 
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aa ia still in agreement with the need of pulp for his cattle or the 
requixementa of his rotation of crops. 

The planted area waa, therefore, much smaller than in normal 
times; next, the output per acre of sugar on 100 parts of beets, too, 
is leas, thereby decreasing the sugar crop for all these three reasons. 
The shortage of labour and of fertilizers caused the output per 
acre to be leas than in other years, when every care had been bestowed 
to the growing crop. The lack of fodder for the cattle induced the 
farmers to cut off large pieces of root, when removing the heads and 
leaves, and to keep back small beets too for cattle food, thereby 
reducing still more the portion of their crop coming to the sugar 
house. Finally, many beets were used for the manufacture of cofEee 
substitutes and for alcohol, which together refjulted in a serious 
shortness of material for the sugar production. 

The sugar-content of the beets in the field was not a hjgh one, 
as a consequence of the small amount of tillage and weeding which 
had been done by the deficient labourers, and further the delayed 
pulling and transporting caused that small sugar -content to go 
down still more before the roots could be worked up. The lack 
of coal compelled the sugar houses to work slowly and with shorter 
or longer interruptions, all circumstances which decreased the rudi- 
ment of sugar from the beets. Fuially, the shortage of fodder 
brought along the necessity of producing as large a molasses output 
aa possible, and the price of sugar in molasses was so much higher 
than that in the ready article, that the manufacturers left as much 
sugar behind in the molasses as they possibly could and thereby 
decreased the output of sugar on 100 parts of beet. In countries 
where, before the war, sugar was extracted from mblaases, this 
process was forbidden now, also in order to leave as much 
molasses available for cattle food as possibly could be obtained. 

Besides all these reasons, there is still a very bad. factor in 
Russia, where since the revolution the conditions for w'ork are so 
lad and so disturbed that it is not clear how matters will come 
to their own again. In the part of the land still belonging to the 
old Russia, the production of sugar has come down from 300,000 tons 
to a mere 70,000, while in the other parts as Ukraine and Poland 
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the crc^ appeals to be about one-half of the foimez figoie, but no 
reliable data are to be had and the figure in the list is only an approzi* 
mate one. 

On the other hand, the consumption of sugar has been greatly 
increased, and had to be contiogented if the nations did not ^vant 
to be threatened by a complete absence of that article a long time 
before the advent of a new crop. The armies and navies con- 
sumed much more than their individual members would have done 
if they had been allowed to remain in their quiet civilian occupa- 
tions, and further a not inconsiderable quantity of sugar was used 
as a raw material in the manufacture of explosives. 

The civilian population, too, extended its sugar consumption, 
because of the lack of butter and fet to be smeared on bread and 
because of a great many other articles of diet having vanished from 
the bill of fare. The bad, grey and unpalatable bread had to be 
combined with honey, jams, marmalades and the like in order to be 
able to bo eateir >vith the least possible amomit of disgust, and all 
this demanded sugar and sugar again. It soon became evident 
that where the home production fiiiled, the importation from abroad 
was rendered impossible either by the blockade or by the U-boat 
warfare or by both, and where the requirements for the armies 
and navies had to be satisfied above all, the consumption of the 
civilians at home had to be greatly rationed in every European 
country, while the amount of sugar put at the disposal of the indus- 
tries using su^r as a raw material ^vas cut down in most places to 
one-fourth of that in peace times. 

At the end of the great war, at the moment of the siginng of 
the armistice and of the begiuning of peace negotiations, we see in 
Europe a bad sugar crop just ended, with veiy short stocks from 
the foregoing crop and very very little chance of importiog sugar 
from overseas save for England, Erance and Italy. A severe scarcity 
of sugar is to be added to the already existing shortages of fat, bread, 
meat, coffee, tea, spices, fodder, milk, in short, of every article of 
food, and no visible way of escaping famine. 

Moreover, in various countries voices are heard advocating the. 
monopoly by Government of the sugar trade, thereby levying a 
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duty ou sugar as a means to pay oil interest and amortization 
of the war loans, and where a monopoly is not yet planned, a great 
inorease of the sugar duties is contemplated, also with a view to 
increase the revenue of the Exchequer. The consequence of both 
measures will certainly be a restriction of th'^ sugar consumption 
in the countries concerned. 

The prospects of the European sugar industry are anything 
but bri^t, and although the armistice is concluded and perhaps peace 
is at last in sight, the various reasons enumerated above, which 
have co-operated to decrease the production, will last still a very 
long time and will very probably keep the European sugar produc- 
tion at a much lower level than it used to occupy in the happier days 
before the dreadful war. 



INCREASED YIELDS AS THE RESULT OF SWELLING 
SEEDS IN WATER. 

The following note communicated by Dr. Franklin Kidd and 
Dr. Cyril West, of tbe Imperial College of Science and Technology, 
is reproduced from the Journal of the Board of Agriculture, 
Vol.XXV, No. 11:- 

Much interest has been aroused recently amongst agriculturists 
as to the possibility of obtaining increased yields from seeds which 
have been submitted to treatments in which soaking in water or in 
salt solutions plays a part. It, therefore, seems appropriate to draw 
attention to this subject. 

Some 40 years ago two German agriculturists of repute, namely, 
C. Kraus ^ and E. Wollny ^ showed that increased yields 
could be obtained by swelling seeds in water. 

Their main conclusions may be summarized as follows : — 

(1) In order to obtain the best results the seeds must be 

swollen in the minimum amount of water necessary 
to saturate the seeds thoroughly. (If a large excess 
of water is used, the effect upon the subsequent growth 
and yield of the plants may be harmful.) 

(2) The time of immersion should be sufficiently long for the 

seeds to become fully swollen. 

(3) A subsequent redrying of the seed does not appreciably 

alter the beneficial effect of the treatment, but the 
redrying must not be carried out too rapidly. 

* Kraus, C. “ Untersuchungcn uber innere WachstuiTiSurHachin und dertn kunatliche 
BeeinfluBHung. ” Wollny’s Forschungen avf dim Gebiete der JgrikuUur^phyifikt I—IV, 
] 878-1881. 

* Wollny, E, “ UnterBUchungen uber die kunstlicbe Beeinfluasung der innercn Wach- 
BlumBurBachcn, VII, Her EinfluBS des Vorquellcns dcB Baatgutes auf die Eninvickelung und dw 
.Ertrage der Kulturpflanzen/' Wollny ’s Forschtiingen auf dim Oehieie der Agrikuliur-phyeHf 
Vin, 1885, p. 380. 

» Wollny, E. “ Saat und Pflege dor landn^iiUchaftlichcn Kulturpflanzen.” Berlin, 

( 816 ) . 
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(4) The percentage of germination is liable to be slightly 

decreased by the treatment. 

(5) Swelling seeds in solutions of nutrient salts has much 

the same effect upon yield as swelling the seeds in 
pure water. 

(6) All the seeds tested {i.e., the chief cereals and various 

other annuals of economic importance) gave the same 
result, with the exception of winter rye. 

As the published results obtained by these agriculturists are 
accessible at only one or two libraries in this country, we may 
profitably record here a few of their figures. 

Table 1.— (After Wollny). 

Comparison of yields from (i) seeds swoUeti in water and sown in the moist 
condition, (ii) seeds swollen and redried before sowing, and 
{Hi) untrmted seeds. 


The seeds were allowed to swell in the least possible amount of water necessary for com])lete saturation 
for 3(1 houiu (the maize for 72 hours). The redrying process extended over 14 days, during which time the 
seeds were left exposed to the sun and air. 



fi 

o 


Number i Yield pkom 

OP PUNTS j 100 PLANTS 


Percentage in- 
crease or de- 

Kind of seed 

8 

*C 

& 

M 

9 

o 

5 : 

6 

Treatment of seed 

Original 

1 

OD 

^dAxwq eq) %y 

straw 

Average 
weight 
of 100 
seeds 

. 

crease in yield 
of seeds from 
experimeutal 
plants as com- 
pared with 
that from the 
controls 

ITictoriapeas... 

1877 j 

j Swollen, sown moist ... 

( Untreated 

61 

64 

; grro. 

58 ; 588*9* 

59 ' 413-3* 

(irro. 

1824* 

1443* 

grra. 

+ 29 

Beans ... i 

1877 1 

( Swollen, sown moist .. 

( Untreated 

64 

64 

67 990 5* 

6«> ; 727-6* 

2436* 

14216 * 


+ 27 

(Victoria peas... 

! 

1878 1 

i 

( Swollen, sown moist ... 

( Untreated 

100 

100 

88 ; 1188 6 
94 ’ 967-0 

1778 

1658 

] 

... 

+ 23 

If 

j 

1 

1882 1 

! 1 

i Swollen, redried 

1 Untreated 

P2 

97 

74 I 6486 

76 1 502-6 

3594 

1684 


+ 9 

ITetch 

1882 

t Swollen, redried 

1 Untreated 

90 

96 

79 440-4 

82 i 417 0 

910 

1074 

i 

... 

1 

j 

+ « 

JVIntor rye ... 

1882 

1 Swollen, sown moist ... 

1 Untreated 

100 

100 

96 667*0 

100 986-0 

I 

1510 

1690 

1 

- 6 


* Yield from 64 plants. 
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Table I. — (After WoUny). — Continued, 



j 

4» 

a 

0) 

a 

*c 

i 


Number | Yield from 

OF PLANTS 1 KK) PLANTS 


1. 

1 Percentage in- 
1 crease or de- 

Kind of seed 

Treatment of seed 


i 



Average 

1 of seeds from 
ft? inn i experimental 


o 





seeds 

I plants as com- 


*o 


Ti 

,C3 



1 pared with 




a 

«> 

; Seeds 

straw 


that from the 


S 


JSf 

€ 




controls 



u 

o 

◄ 




‘ 





84 

Rrra. 


grm. 


Victoria peas... 

1882 

( Swollen, sown moist ... 

95 

6020 

2012 

+ 10 

1 Untreated 

97 

90 

548*0 

1998 

... 

Vetch 

: 1882 

f Swollen, sown moist ... 

89 

87 

414*0 

1138 


+ 7 

\ Untreated 

98 

89 

1 388*0 

1146 




rSwotlen, sown moist ... 

69 

62 

445*0 

1355 


+ 16 

Victoria peas 

1883 

^ Swollen, rodriod 

79 

71 

5110 

1408 


+ 31 


(Untreated 

93 

83 

38*J*0 

952 

... 



( Swollen, sown moist . 

99 

99 

869*0 

1545 

46*5 

+ 9 

Beans 

1883 

< Swollen, redried 

100 

96 

868*0 

1459 

45*6 

+ 9 


(Untreated 

99 

94 

7980 

1468 

38*8 




1 Swollen, sown moist .. 

99 

60 

1160*0 

1983 

2*99 

-- 8 

Winter rye ... 

1883-4 , 

< Swollen, redried 

95 

83 

1101*0 

1831 

3*17 

> - 13 


(Untreated 

93 

70 

1263*0 

2314 

3*14 




1 

[Sw'ollen, sown moist ... 

94 

80 

497*0 

975 

2*75 

-f- 5 

Summer rye ... 

1881 - 

s Swollen, redried 

») 

5;^ 

5590 

1302 ; 

2*38 

+ 18 


(Untreated 

89 

78 

475*0 

1051 ; 

2*57 



f Swollen, sown moist ... j 

27 

27 

11*2516*0 

46740 

38*9 

H-U 

Maize 

1884 < 

J Swollen, redried 

27 

26 

|14792*0 

47677 

36*1 

+ 31 


( Untreated 

27 

27 

11274*0 

416710 

36*4 




f Swollen, sown moist ... 

96 

92 

7300 

1282 

27*9 

+ 9 

Victoria peas ... 

1884 ^ 

! Swollen, redried 

92 

87 

706*0 

1310 

29*4 

! + 6 


(Untreated 

94 

87 

; 608*0 

1184 

28*7 


I 

r Swollen, sown moist ... 

95 

77 

! 381*0 

766 

47*2 

+ 3 

Beans 

1884 1 

Swollen, redried 

95 

82 

402 0 

792 

51*0 

+ 9 

i 

[Untreated 

94 ! 

80 j 

1 8690 

726 

47*7 



Table IL— (After WoUny). 

The harmful effect of soaking seeds in excess of water. 

In these experiments the volume of water used was ten times that of the seed. 


; 


Number of 

Yield from 100 plants 

Average 
weight of 
100 seeds 

Kind of seed 

Treatment of the seed 

plants 
at the 
harvest 

Seeds 

Straw 


(Untreated 

' 78 

grm. 

475 

grm. 

J06) 

griD. 

28*7 

Summer rye ... 

iSoaW 

65 

369 (-^24%) 

877 

22*7 

Peas ... i 

1 Untreated ... 

87 

66$ 

1184 

28*7 

[ Soaked 

84 

54$ (--18%) 

1214 

27*6 

Seans ... M 

[Untreated ... 

80 

869 

726 

47*7 

1 Soaked 

77 

264 (-28%) 

766 

54*4 
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From a oareful analysis of the growth of the plants at various 
stages of development, oonolusions were drawn as to the reason for 
the inoreased yields obtained. The plants from the treated seeds 
grew more quickly in the first few weeks, came into flower earlier, 
flowered for a longer period, and ripened off more slowly than the 
plants from the untreated seeds. 

Schleh^ and Eberhart* have later claimed to have demon- 
strated that the swelling of seeds before sowing will increase the crop 
yield. The following table gives one set of results obtained by 
Eberhart in a field experimeixt with beans. 

Table III. — (After Eberhart). 

Cotnparison of yield from (i) seeds swollen in uxUer and sown in (he 
moist condition, (ii) seeds swollen and afterwards redried, and 
{Hi) untreated seeds. 


Harvest residts. 



Number 

of 

plants* 

Weight 
of pods 

Weight 
of straw 

Average 
length 
of the 
stem 

Average 
number 
of pods 
per 
plant 

1 Weight 

1 of seeds 

1 



giro. 

grm. 

cm. 


1 

1 grm. 

Untreated seeds 

96*0 

6(19*0 

776*0 

97*75 

4*19 

474*3 

(Seeds swollen in water previous 
to sowing. 

96*6 

697*8 

877*6 

103*02 

5-08 

1 5i3'3 

: (+16 %) 

Seeds swollen in water and re- 
dried before sowing. 

95*3 

677*1 

876-6 

101*74 

5*0 

eae-s 

1 (+11 %) 


* Mean of three experiments. 

The work referred to above indicates that a definite increase in 
yield may be obtained by swelling the seed in water. It is clear 
that the water factor must be taken into account in the considera- 
tion of any process for inoreasii^ crop production which involves 
soaking the seed. 


^ Bohleb. ** Steigenmg der Emteertrago duroh Impragnation des Saatgntes mit kon* 
ssentriorten Loaungen von Nahrsaltzen.*' Filing's Lnndw, Ztg., LVI, 1907, p.' 33. {i 

* Eberhart, C. “ Unterauchimgeii uber das Vorqnellon dcr Samon." handw. 

Zg., LVI, 1907, p. 160. 
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Elsewhere' the literature dealing with this water factor is 
critically reviewed, and also that dealing with the effect upon yield 
of the environmental conditions of the seed before harvesting, 
during storage, before sowing, and at the time of germination 


^Kidd, F., and West, C. “Physiological l^e-Determination : The Induence of the 
Physiological Condition of the Seed upon the Course of Subsequent Growth and upon the 
Yield.** Beview of Literature^ ChapUm I -IV ^ AnnaU of Applied Biology, 



THE ACTION OF MOULDS IN THE SOIL.* 


The term “ mould ” ia applied to various species of fungi isolated 
from the soil, whioh belong to widely scattered groups, and no sharp 
limitation is to be placed on the use of the term. 

The importance of the action of moulds in the soil has been the 
subject of investigations by Selman A. Waksman, of the Depart- 
ment of Soil Bacteriology, New Jersey Agricultural Experiment 
Station, and he has recorded the results he obtained in a paper in 
SoU Science, August 1918. The question is of general interest to 
agriculturists in relation to soil fertility ; a resume of the paper is 
therefore given below. 

When a group of micro-organisms is studied in relation to soil 
fertility, the question is— What part do they play in the nitrogen 
changes in the soil, produced as a result of their activity ? From 
the early period of investigations on the microbial inhabitants of 
the soil, up to four or five years ago, the attention of soil bacterio- 
logists was chiefly directed to the study of bacteria, neglect ing other 
groups of micro-organisms to which the term moulds is applied. It 
has only been in very recent years that the great abundance of other 
micro-organisms, besides bacteria, in the soil has been demonstrated, 
and an attempt made to explain their part in soil fertility. 

It has been definitely established that moulds, together with 
protozoa, algse, etc., are common inhabitants of the soil, and form a 
large and important group of the soil flora. Hundreds of species of 
moulds have been isolated from the soil, and it has been found that 
many moulds occur in different soils imder different topographic, 
climatic, and soil conditions. The same species has been isolated 
from soila in different European coimtries and from soils in various 
parts of America. New species, never met with before, have been 

* Beproduoed from AgrieuUurtd News, vol. XVIll, no. 43& 

( 821 ) 
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isolated from soil, serving as a proof that some of them at least are 
typical soil organisms. 

It has also been found that movdcis develop readily in acid soils, 
and are more active in forest and in compact poor soils, while bacteria 
predominate in loose soils rich in nutrient matter, cultivated and 
fertilized. In fact, in well cultivated lands containing relatively little 
humus, bacteria play a very important part, and occur in great 
numbers, and the moulds are of minor importance ; while the upper 
layers of soil in forests, rich in humus as they are, contain a large 
number of moulds. In rainy seasons also the surface growth of 
moulds is greatl)^ favoured ; otherwise they live and produce spores 
below the surface among the vegetable residues and the living 
plant roots. It lias beeii demonstrated that not only are moulds 
present in the soil, but that they actually live there, and produce 
raycelia, which necessitates their taking an active part in the different 
biological transfonnations of the soil. 

Thus to be able to interpret the part played by these organisms 
in the soil, they must be studied as living organisms, which by their 
metabolic processes help in the various transformations of both 
organic and inorganic soil constituents, and in this way influerwe 
soil fertility. 

The question of nitrogen fixation by moulds seems to be that, 
with the exception of some rather rare organisnrs, typical soil moulds 
do not play any direct part in the nitrogen enrichment of soils. Nor 
has the formation of nitrite or nitrate ever been demonstrated for 
any of the moulds, so that these important activities must be 
eliminated from the field of mould action. 

On the other hand, the moulds are found to play a very import- 
ant part in the disintegration of organic matter in the soil, parti- 
cularly in the first stages of decay, which is termed ammonification. 
Whatever may be the process of formation of complex proteins by 
moulds, it is certain that ammonia is left in the medium as a waste 
product. If available carbohydrates are present, only small quan- 
tities of ammonia will be liberated by the action of bacteria 
moulds ; but in the absence of available carbohydrates there is a large 
amount of nitrogen left in the medium by their action. If the 
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ammonia is regarded as an indication of the amount of organic matter 
decomposed by a living organism, some of the moulds commonly 
occurring in the soil are found to possess greater powers of decom- 
posing organic matter than are possessed by bacteria. The action 
of the moulds on the nitrogenous organic matter in the soil may be 
said to consist ui the mineralization of that material with the pro- 
duction of anunonia and the building up of fungus proteins. The 
ammonia is used by the hi^er plants as such, or is oxidized by 
nitrifying bacteria into nitrates, and so used by plants, or is absorbed 
again by the micro-organisms of the soils. 

The moulds also play an active part in the decomposition of 
cellulose and other carbon compounds in the soils. This is of great 
importance, since both green and animal manures, and all vegetable 
residues, need to be decomposed before the minerals and nitrogen 
compounds can be brought to a condition in which they can either 
be taken up directly by the hi^er plants, or in which they can 
un-lergo other transformations due to the action of other groups 
of moulds or bacteria. It is stated that nearly all the simple 
and complex organic carbon compomxds in the soil can be 
attacked by some group or other of moulds, which thus play an 
important part in soil fertility. The moulds attack the carbo- 
hydrates very readily, perhaps even more readily than the bacteria, 
and they cause rapid decomposition of these compounds, Althou^ 
more information is necessary, it appears certain now that future 
theories of soil fertility will have to be constructed not only from 
the point of view of nitrogenous manures and fertilizers and nitrogen 
content of the soil, but also by taking into consideration the nature 
and amount of carbon compounds added to it. 

it must be kept in mind, however, that lower plant organisms 
like moulds, when present in the soil, compete with the higher plants 
in utilizing nitrogenous compounds for their own growth. Thus 
the soil moulds may produce an imfavourable effect upon soil fertility. 
Althou gh this cannot be denied, two factors may be mentioned as 
in some degree counterbalancing the possible injury to higher 
plants. First, an excess of ammonium salts or nitrates in the soil 
tends to large losses by lea<diing, especially under wet climatic 

9 



824 


AGRICULTURAL JOURNAL OF INDIA 


[XIV, V. 


conditions, the utilization, therefore, of some of these salts by the 
soil moulds may serve usefully for the conservation of some of this 
nitrogen in the soil which would otherwise be lost. Secondly, the 
life processes of the moulds tend to the liberation of ammonia, and 
to the restoring again to the soil of the nitrogen assimilated by them 
in an available form. Thus moulds, from this point of view, may 
act in the soil as storing agents for soluble nitrogen compounds ; 
and the possible injury caused by them in competing with the higher 
plants for the available nitrogen may be more than compensated for 
by their ability to store the nitrogen and make it afterwards slowly 
available for the plants. 

Information up to the present leads to the belief that the mould 
flora is more active in acid than in neutral or alkaline soil, although 
it does not preclude the fact that moulds are developed also in the 
latter type of soil It is possible that some of the soil moulds are 
active in the production of acids from available carbohydrates ; 
thus soil acidity may be due in some part not only to the production 
of mineral acid owing to the oxidization of minerals or added ferti- 
lizers, but also to the production by soil moulds of organic acids, 
such as citric and oxalic;. These acids may also act upon the in- 
soluble phosphates and other minerals in the soil, and bring them 
into a soluble form available for the higher plants. 

One other point with regard to moulds is worth noting. Plant 
pathologists know that a soil may become “ sick ” with respect to a 
particular crop, due to the fact that continuous cultivation of one 
crop on the same soil has caused that soil to become infested with 
large numbers of organisms pathogenic to that particular crop. 
Parasitic moulds of this type have, however, been isolated from 
virgin soils, or from soils qn which the crop they parasitized has 
never been grown. Further investigations are needed as to how 
far the soil may be considered a possible medium tor nourishing 
moulds likely to prove dangerously parasitic. 
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BOARD OF AGRICULTURE IN INDIA. 

The Eleventh Meeting of-the Board will be held at Pusa from 
the lat to the 6th December, 1919, when the following subjects 
will be discussed : — 

I. Programmes of work of the Imperial Department of Agri- 
culture and of the Director and First Bacteriologist, 
Muktesar. 

II. Programmes of work of the Provincial Agricultural and 
Veterinary Departments and of Native States Depart- 
ments of Agriculture. 

III. The necessity for investigation into the (jonditions of 

nitrogen fixation in Indian soils. 

IV. Whether there is any danger of reducing the level of ferti- 

lity of Indian soils by the growing of high yielding 
varieties of crops and the adoption of intensive methods 
of cultivation, without, at the same time, providing an 
increased supply of manurial constituents. If so, how 
this danger can best be met. 

V. The possibility of improving (a) forecasts, {b) final statistics 

of areas and yields of crops in India with special refer- 
ence to the recommendations in Chapter XVII of the 
Cotton Committee’s Report. 

VI. Whether it would not be to the advantage of Indian agri- 

culture that village pattdiayats should be empowered, 
where this has not already been done, to raise local rates 
and to initiate land acquisition proceedings for the 
( 825 ) 
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purpose of oouatruotmg and maintaining agrioultuial 
roads, drainage and irrigation works, and the improve- 
ment of scattered holdings, and that the necessity of 
creating village panchayats for these purposes, where 
they do not already exist, should be impressed upon 
Local Governments. 

VII. Whether the Agricultural Department should not imdertake 
the writing of books of the following types : — 

(a) Story books idealizing agriculture and rural life 

generally ; 

(b) Popular bulletins describing improved methods 

of agriculture ; and 

(c) School Headers containing lessons on subjects 

pertaining to agriculture, in order to interest 
literate Indian cultivators in their life’s work 
and to assist in the impiovement of rural 
education. 

VIII. In view of the fact that the poor acreage outturns obtained 
in India are to a considerable extent due to the use of 
inferior tillage implements, what steps, if any, should 
be taken to encourage the manufacture of improved 
implements in this country on a large scale. 

IX. The importance of conserving such natural sources of 
manure as oilcakes, bones and fish for use in the country. 
What practical measures can be adopted to attain to 
this end ? 

X. The preparation for famine conditions so &r as the Agri- 
cultural Department is concerned. Can any steps be 
taken in advance to meet famine conditions which may 
occur in the future ? Can any measures be adopted to 
prevent good strains of crops going out of existence in 
famine years ? 

XI. Whether any special measures are necessary with r^jaxd 
to the initiation or control of extensive e^ezimwts 
with agricultural power machinery, with special rrfer- 
ence to motor ploughs and tractors. 
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A complete review and discussion of the permanent experi - 
mental plots at Pusa which were laid down by a Com- 
mittee of the Board of Agriculture in 1908. 

Whether it is necessary to reconsider the recommendations 
made by the Board of Agriculture of 1916 that Govern- 
ment should not restrict the export of cattle that are in 
demand abroad. 

The improvement of cotton marketing in India, with 
special reference to the recommendations of the Indian 
Cotton Committee, paragraph 233. 

* 

* « 

WHEAT YIELDS IN THE UNITED PROVINCES. 

The season which has just passed has not been a very good 
one for wheat. Some of it was sown late and much depended on 
the absence of hot west winds during the growing period. Unfortu- 
nately, there were a few days of hot wind at the beginning of March 
which damaged the backward crop and took several maunds off the 
yield. In consequence of this the outturns at the farms of the 
Agricultural Department have on the whole not been high and 
are lower than those of the past two seasons. But in some cases 
very high yields liave been obtained even in this year, and I propose 
to describe the method of cultivation followed so that others who 
read this Journal may be induced to try it. If they do, perhaps 
they will themselves write and describe their experiences. 

The department have been endeavouring to introduce the 
sowing of cane in alrallow trenches, as promising the best and most 
certain results with improved varieties, both as regards germination 
and yield and sugar. Under this system, a trench two feet wide 
and six inches deep is dug : the earth in the trench so made is 
then dug with “ kasis ” to a further depth of nine inches and the 
available manure applied. Though somewhat more expensive than 
sowing on the flat, yet later on it saves much labour and trouble 
in earthing up the crop. It is essential for thick varieties which 
will otherwise fall down in the monsoon and the value of the cane 
greatly deteriorate. 


XII. 

XIII. 

XIV. 
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It had been noted in previous years that this method of culti- 
vating the land had a surprising effect on the succeeding wheat 
crop. It was more marked than usual on this year’s crop. The 
land so cultivated had retained, except where the rains completely 
failed, sufficient moisture for sowing without irrigation, though in 
the neighbouring fields a “ palewa ” had often to be given before 
sowing. Good cultivators in these provinces are fully aware of the 
advantages of sowing on moisture, and make every effort to retain 
it even in canal-irrigated tracts. 

At the Shahjahanpur farm the wheat on land which had been 
trenched the year before stood out above the crops of the neighbour- 
ing fields, though they too had been sown on natural moisture and 
on cane land which had received the same amount of manure but 
had not been trer.ched. The yields were excellent. At the Bijauria 
farm, Bareilly District, there was a block of wheat on six acres of such 
land. Up to March it was the finest wheat I had seen in India, 
and the Superintendent of the farm was confident that the yield 
would be well over 40 niaunds per acre. Unfortunately part of it 
fell down with the heavy winds in March, and rats damaged the 
fallen ears. When threshed the average was just under 37 maimds. 
At the Shahjahanpur farm, the average yield of 3| acres was much 
about the same, viz., 36 maunds. This land had received no manure 
other than which had been applied to the previous cane crop, and 
was at the ordinary rate given to cane. The first of these crops was 
irrigated once only, that at Shahjahanpur twice. It would seem 
from this that quite apart from the advantages to the cane, this 
system of trenching will pay for itself in the next wheat crop. The 
cost of the operation is about Rs. 16 per acre, and considering that a 
good crop of improved cane will yield produce worth Rs. 360 to 
Rs. 450 per acre and that wheat is now selling somewhere about 
Rs. 5 per raaund, the outlay is not excessive and the system should 
be worth trial in those districts where cane and wheat are commonly 
grown in rotation. But some strong-strawed wheat like Pusa 12 
must be sown, or the heavy crop will hdl with any wind or rain.' — 
[The Hon’ble Mr. H. R. C. Hailey, in the United Prownoes Wwt 
Jourml, dated 15th May, 1919.] 
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CERTAIN ASPECTS OF THE ORGANIZATION AND POLICY OP 
THE AGRICULTURAL DEPARTMENT IN BENGAL. 

A Resolution, dated 7th June, 1919, issued by the (lovernnicnt 
of Bengal, says : — 

As it is desirable to place the public in possession of the inten- 
tions and policy of the Agricultural Department in the agricultural 
development of the Bengal Presidency, the Governor in Council 
deems it advisable to explain in some detail certain aspects of the 
organization of the department, together with some suggestions 
derived from the experience of other countries as to how the people 
can beat bei\efit from its activities. 

The necessity for 'private effort. The two nmin branches of the 
department are the research and demonstration branches. It is, 
however, clear that the activities of the departmeint in respect of 
the demonstration of the results of the investigations of the research 
branch cannot be expected to reach more than a fringe of the agricul- 
tural population without the help of the public. On the one hand, 
the extent of such activities is conditioned by financial considera- 
tions ; on the other hand, any development of the kind is of no 
avail if the people are not ready or cannot arrange to take advantage 
of it. Individually the agriculturist is ready ; experience in this 
country has shown that if he can .see with his own eyes the value of 
an improvement he will adopt it. But if all are to benefit, experience 
in other coun.tries shows that the agriculturi.sts must meet Govern- 
ment half-way in the matter. It has been found in those countries 
that, if small associations of agriculturists are formed to teat and 
adjudicate on suggested improvements, to discuss their successes 
and failures with each other, and to bring their needs to the notice 
of the Agricultural Department, then not only is the practical 
problem of how to reach the whole agricultural population solved, 
but there is hardly any limit to advancement in the direction of 
improved production, economic distribution, improvement of breed, 
and indeed in all mental and moral development. In the words 
of an American Professor of Political Economy, Dr. J. A. Ryan, 
“ The transformation in the rural life of more than one European 
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community tlurough co-operation has amounted to little less than a 
revolution. Higher standards of agricultural products and produc- 
tion have been set up and maintained, better methods of farming 
have been inculcated and enforced, and the whole social, moral and 
civil life of the people has been raised to a higher level. From the 
view-point of material gain, the chief benefits of agricultural co- 
operation have been the elimination of unnecessary middlemen, 
and the economies of buying in large quantities, and selling in 
the best markets, and employing the most efficient implements.” 

An essential condition, however, for the success of such associa- 
tions is that they should be conducted on the basis of self-help. 
It is desirable for Government to assist such associations by teaching 
and exercising close control ; but interference with their manage- 
ment or the grant of pecuniary aid by Government impairs the 
fundamental principle of self-reliance. 

Formation of small agriciiltural associatiom in Bengal. What 
precise form private effort should take in Bengal, it is perhaps too 
early to prophesy. But undoubtedly there is every reason to 
believe, from the experience gained in other countries, that the 
formation of small agricultural associations should prove successful, 
whether as simple associations formed for the purpose mentioned 
in the preceding paragraph, or as co-operative societies dealing 
with the purchase of seeds and implements or with the distribution 
of agricultural produce. There is probably room for associations 
combining one or more of these functions. Apart from foreign 
experience and experience in other provinces in India, there is also 
the definite fact that such simple associations, serving thanas or 
even smaller areas, have met with marked success in the district 
of Birbhum in the Bengal Presidency. By the co-operation of 
official organization and private effort of this nature not only 
^vill the successes obtained by experiment be brought to fruition in 
the interior, but Government will be furnished with a first-hand 
agency for ascertaining the real needs and the wishes of the agcioul- 
tuial population. 

His Excellency in Coimcil hopes, therefore, to see a further 
extension of this experiment throughout the province, particularly 
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in those districts in which demonstration farms already exist or are 
about to be established, as it is in those districts that the Agricultural 
Department can give the most help. The formation of such 
associations rests, however, with the public ; and they will only be 
successful if they are financed and managed by the people. The 
principle accepted as essential by the Board of Agriculture m India, 
at their seventh meeting in 1911, was that those who are associated 
should all be agriculturists, really interested in local agricultural 
improvement. 

The officers of the Departments of Agriculture and Co-operative 
Societies wiU be ready at all times with their advice and 
counsel. 

Ftmctions of existing associations. The extension of such small 
associations, if carried into effect, wiU inevitably involve some 
alteration in the functions of the existing provincial, district and 
divisional agricultural associations. The district associatioiis may, 
for example, find, as time goes on, that their executive functions 
are being gradually absorbed by the working village societies. 
For the present, they may find that their duties are devoted to the 
organization of such societies. The development will of necessity 
be a gradual process, and the present associations w'ill doubtless 
adapt themselves to changing circumstances or give way to a different 
organization if they cease to satisfy a real need. 

The divisional associations, in particular, may not be required, 
Avhile experience may show that the functions at present discharged 
by the provincial association can be more effectively performed 
by the new Board of the Agricultural Department which has been 
created. 

Estahlishment of demonstration and seed farms. The research 
work of the department, or, more properly speaking, the investiga- 
tion work, is mainly conducted at the Dacca Agricultural Station, 
which is the headquarters of the chemical, botanical and fibre 
sections, while there is a smaUer investigating centre in West Bengal 
at Chinaura. At these centres problems of practical utility to Bengal 
agriculturists are investigated, such as the production of improved 
rioe, jute and sugarcane, the suitability of various fertilizers, the 
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prevention of insect pests and so on ; and not, as there is a tendency 
in some quarters to believe, research work of a purely academic 
interest. For the purpose of testing the results obtained at these 
research stations and demonstrating their value, smaller stations 
or farms have been established at Rajshahi and Rangpur. Private 
farms at Burdwan and Kalimpong are also managed by the depart- 
ment. The utility of these stations has been fully proved and the 
necessity for small farms in every district accentuated, owing 
to the success attained in the plant-breeding sections of the depart- 
ment. It has thus become necessary to arrange for the establish- 
ment of a demonstration and seed farm in each district, for the dual 
purpose of adjusting the results of scientific investigations at the 
central research stations to local conditions and of takmg up the 
study of purely local problems. Each farm will form a centre for 
the demonstration of such items as have been found by actual tests 
to be suited to local conditions. A programme is, therefore, under 
contemplation for gradually providing every district in Bengal with 
a demonstration and seed farm as soon as practicable, whilst official 
sanction has already been accorded to the e.stabli.s}unent of such 
farms at Mymensingh, Bogra and Comilla. 

Go-operation of District Boards in estahlishmenl of farms. In 
view of the popular interest in agriculture, it has also been considered 
desirable to enlist the interest of the District Boards by requestuig 
them to co-operate in the establi.shment, maintenance and maiiage- 
ment of the farms, subject to the professional control of the Agricul- 
tural Department. 

In the view of His Excellency in Council the forms which the 
assistance from District Boards may legitimately take are as 
follows : — 

(1) Provision of land or of money towards the acquisition 

of the land or towards the necessary buildings. 

(2) Provision for the whole or a portion of' the recurrii^ 

expenditure on a farm. 

The Governor in Council holds that District Boards should 
possess a voice in the management of the farms to the extent to 
Which they contribute, subject to the professional control of tlie 
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department. Certain District Boards have already agreed to co- 
operate on these lines. 

Demonstrators. For the purpose of advertising the results 
obtained at the central research stations and on these farms and in 
advising the small agricultural associations which are expected to 
come into being, definite circles, such as the area of a police station, 
are necessary for demonstration work in charge of demonstrators 
working under the supervision of agricultural officers. Twenty- 
six district agricultural officers, i.e., one for each district in the 
presidency, have now been sanctioned ; five additional agricultural 
officers have also been appointed for special work ; and there are at 
present altogether 79 demonstrators. It is contemplated that, 
with the completion of the programme for the construction of farms 
and the multiplication of small agricultural associations, the number 
of these demonstrators will be gradually but largely increased, 
until there is one for each police station in Bengal. 

Seed-stores. Experiei'.ce in Bengal has shown, that the immediate 
result of successful demonstration at any of the farms already in 
existence is a demand for improved agricultural appliances, and for 
seed of a new crop or of a new variety of crop. In fact, agricultural 
improvement in India necessitates in nearly every case the use of 
some new thuig. whether it be seeds, fertilizers, implements or 
insecticides. This is exemplified by the insistent and growing 
demand for seed-stores in those districts Avhere seed of a new crop 
variety has been issued. One seed-store will not be sufficient 
in a district ; but seed-stores should be established also at every 
subdivisional headquarters and at all demonstration centres. To 
produce the best results such seed-stores should, however, be estab- 
lished and maintained by such bodies as agricultural associations 
or co-operative societies or local authorities. It is not, therefore, 
the policy of Government to establish and maintain such seed- 
stores themselves for areas smaller than a subdivision. Not only 
would this involve too large a commercial undertaking for a Govern- 
nxent — ^where attempted in other countries, it has ultimately been 
abandoned for this reason— but it would involve too great an 
encroachment on the sphere of private effort. There are already 
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30 stores iu existence under the auspices of Government, and 71 
are being created under local organizations. 

General ^policy. By the continuance of investigation for prac- 
tical ends at the central farms, by the creation of demonstration 
farms in every district and seed-stores in every subdivision, by the 
appointment of a staff of agricultural officers and demonstrators 
in sufficient numbers to aid district officers and the department 
on the one hand, and the agriculturists, either individually or in 
association, on the other, the Bengal Government are aiming at the 
solution of the two problems which the Agricultural Adviser to the 
Government of India has declared to dominate the whole situation : 
the first is the provision of the best obtainable seed for any type of 
agricultural produce, and the second the creation of an agency 
for its distribution. 

♦ 

♦ ♦ 

The following further extracts from official reports dealing 
with the use of cactus in the Ahmednagar District as a fodder 
substitute have been published by the Bombay (^)vernment : - 

Extract, from a Report No. B. -854 - 1918, dated 29th May, 1919, 
from the Hanourable Mr. L. J. Mountford, C.B.E., I.C.S., Com- 
missiomr, Central Diviswn. 

After touring through parts of four tiilukas of the Ahmednagar 
District and inspecting cattle camps and villages where cattle are 
fed ojx cactus, I am of opinion, that the villagers have a very valuable 
fodder adjunct for their kadbi {Sorghum stalks) in cactus properly 
prepared, and consider it would be well if our expert veterinary 
(►fficers could give a definite opinion on this point. 

The preparation is simple. It consists in roasting the cactus 
over a village forge and chopping it up fine. The thorns catch fire 
readily, and with very little care all thorns can be destroyed. In 
some places women also extracted the charred tufts. This is not 
considered necessary, but it probably assists digestion. An ad- 
mixture of strengthening food is advisable where kadbi is not 
available. In Ahmednagar, they add two pounds of cotton seed and 
occasionally one pound cJiuni (gram and lentil husks) to the 
24 pounds full feed. 
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In the camps and kitchens I visited, I found cattle eating the 
stuff greedily. Some cattle and buffaloes will eat the prepared 
leaves whole, but chopped fodder is best. The people are quite 
enthusiastic, and, from reports received, some villages have taken 
to this fodder almost in a body, such as Brahmauwada (Akola) and 
Pedgaon (Shrigonda) and many others. 

Cactus operations are not new to Ahrnednagar, as they were 
carried out in 1912 ; but the village busy-body was not absent. 
Various rumours were started which at first somewhat impeded the 
campaign, such as that compulsory payment would be insisted on 
when the cactus campaign was closed ; that the animals would die, 
and, when it was found that animals did not die, that they would 
die off in the rains. This prophecy still obtains among cactus 
opponents. 

Villagers visit the camps and kitcheiis with their cattle, or ask 
to be allowed to take some rations away to their villages ; where 
possible, choppers, bellows and prongs are given them. Many come 
to Mr. Beyts’s bungalow for instruction, and while I was there, two 
very fine cattle in splendid condition were brought by their owner 
to be ta ugh t to eat cactus. I have seen cattle brought in by their 
ovmers eat their ration for the first time straightaway. 

Cattle which had not the strength to raise themselves from 
the ground two months ago in some of the camps, are now able to 
do light work at the mhote, and to pull the cactus carts. Mr. Beyts 
purchased many miserable animals in the last stage of exhaustion 
from the butchers for a few rupees, and, after feeding them on cactus 
preparation, has sold them to the ryots for three times the purchase 
money. Mortality was very heavy before the cactus campaign 
started. One owner told me he lost seven of his cattle that he had 
fed on grass purchased for Rs. 2,000 ; and that he had lost none 
since he took to cactus. The mortality in the cactus camps has 
been sli^t. 

At present there are over 34,000 cattle feeding on cactus, and it 
would have been utterly impossible to find grass or kadln to feed 
these cattle. They would require at eight poimds of grass or kadbi 
a day (a low all-over daily average for cattle and young stock) some 



AGBICULTUBAL JOUBBAL OF INDIA 


836 


[XIV, V. 


272,000 pounds or over 80 lakhs per month. This amount of grass 
could not be obtained. 

The present price of hadhi in the market varies from Rs. 40 to 
Rs. 60 per 1,000. pounds, while the cost of 1,000 pounds of cactus, 
cleaned, chopped and prepared for food is Rs. 2, to which is added 
Rs. 6 worth of cotton seed which is very expensive at present. 
Chuni is often added where procurable, but is not essential. 

Cactus no doubt possesses a certain feeding value, but is most 
useful when used with cotton seed. It can also be mixed with 
chopped kadbi in the proportion of 2 to 1, and if, as is hoped, the 
ryots will recognize what a valuable green fodder they have all 
around them, the fodder resources of the country will be vastly 
increased, and future famines will be robbed of much of their 
terrors. In 1912 cattle preferred prepared cactus to the famine 
grass that was available that year. 

I visited a charitable grass camp at Ahmednagar and elsewhere, 
and found the animals in no better condition than in the cactus 
camps. Where, as happened in both classes of camps, animals 
came in a very poor condition, mortality was to be expected. In 
one grass camp the mortality was 20 per cent, and there were many 
animals on the sick list, and I understand the mortality m the cactus 
camps did not approach this figure. I came to the conclusion, that 
dry grass alone is not sufficient for famme cattle. In the first place, 
really good grass of sufficient nutriment is difficult to procure; and, 
secondly, some green stuff is necessary. Cattle appear to thrive 
better on cactus with the adjuncts employed in Ahmednagar. Again, 
foreign grass often disagrees with cattle. Although the local cattle 
in the Dangs thrive on grass, there were very heavy losses among 
the Ahmednagar cattle sent there, and those that returned came back 
in a miserable condition. 


Extras from a Report No. 1996, dated llth June, 1919, /fom itcirfe- 
nant-Colonel G. K. Walker, C.I.E., O.B.E., F.R.C.V.S., Super- 
intendera, Civil Veterinary Department, Bombay Presidency. 

I have visited cattle camps in the Ahmednagar and Poona 
Districts where cattle are being fed on prickly pear, and recently 
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(May 11th to 16th) I made a detaUed inspection in the Ahmednagar 
District in this connection. I paid surprise visits to a number of 
villages in various directions where the fodder was bemg used* 
and visited the camps at Rahuri, Shrigonda and Wakodi. I 
also visited the charitable camp at Ahmednagar where the cattle 
were being fed on dried grass and liodhi, no prickly pear being 
used. 

I can bear out the Hon. Mr. Mountford’s statements in every 
particular. There can be no doubt that cattle can be maintained 
on prickly pear when necessary without harm. It is not claimed 
that it ranks as a good fodder, and it should be supplemented with a 
certain amount of dried grass if possible in addition to some pro- 
portion of concentrate. Cattle require a proportion of green fodder 
to keep in good health, and the dried grass that passes as hay in this 
country is frequently so inferior and innutritious that it causes 
internal disorders, especially in debilitated cattle. Animals have 
their idiosyncrasies, and there may be cases where prickly pear 
causes indigestion, especially if it is improperly prepared. It is 
essential that all the prickles should be removed. Like all green 
fodders it produces some looseness of the bowels, which is considered 
normal to cattle in countries where green fodder is common. Any 
excessive looseness can be remedied usually by supplying fodder 
in intelligent proportions. Diarrhoea in cattle in the rains is common 
from various causes. I have written a leaflet on the subject, which 
is being published by the Agricultural Department in English and 
three vernaculars. 

I beg to say that in my opinion the cactus fodder campaign, 
particularly in the Ahmednagar District, has been a great success, 
and that by the aid of this fodder a very large number of cattle that 
would otherwise have died have been saved. The work in the Poona 
District has also been effectual. A very pleasing feature in the 
Ahmednagar District is the obvious satisfaction of the cattle-owners 
when once they have been persuaded to take up the method. 
They have learned to appreciate its advantages, and in many 
places their own arrangements are well devised and working 
well. 
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In the Rhodesia AgriouUural Jourml, December 1918, there 
is some advice as to plants suitable for forming cattle -proof hedges 
on Rhodesia. Among these is Bougainvillaea, especially the two 
species glabra and spectabilis. This is used as an ornamental hedge 
in some of the West Indian islands, and is certainly of a strong 
enough growth to form a close hedge of any height or width which 
may be desired. The blaze of colour m the flowerii^ season, which 
is almost the whole year, makes it a most showy object. The two 
species of Bougainvillaea mentioned above grow easily from cut- 
tings inserted in the ground. Until growth starts, they should be 
kept well supplied with water. The plants are extremely hardy, 
and. when established, will stand long periods of drought. 

* 

* * 

The Rothamsted Experimental Station has been engaged for 
some time in field trials and other investigations to discover what 
value ammonium nitrate possessed as a fertilizer. Dr. E. J. 
Russell thus summarizes the general results of the experiments in 
the Journal of the Board of Agriculture, Vol. XXV, No. 11 : - 

(1) Ammonium nitrate is an excellent fertilizer, the nitrogen 
of which is worth as much as that in nitrate of soda and sul- 
phate of ammonia. At present prices of these two fertilizers, 
ammonium nitrate would, on the same basis, be worth £37 5s. per 
ton. 

(2) It contains more than twice as much nitrogen as nitrate 
of soda, and one and three-quarters times as much as sulphate 
of ammonia : it is thus the most concentrated nitrogen fertilizer 
obtainable on the large scale. Where 1 cwt. of nitrate of soda or 
I cwt. of sulphate of ammonia is ordinarily used, less than \ cwt. of 
nitrate of ammonia would be required. 

(3) It can be applied to any crop for which nitrate of soda is 
suitable, but it is not superior to sulphate of amninnia, for potatoes, 
and may be inferior. Its proper use is as a top-dressing, and not 
as a constituent in mixed manures. 

(4) Farmers must insist on having the “ non-deUqaesoent ” 
variety, otherwise they will certainly be inviting trouble. 
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(6) WhUe the material itself is not inflammable, it yet helps a 
fire considerably. Great care is, therefore, necessary not to store 
under conditions where a fire might be started. 

* 

* * 

THE COCOA PRODUCTION OP THE EMPIRE. 

Among the products of the Empire which before the war were 
not utilused in the United Kin.gdom to the extent they might have 
been, cocoa takes a prominent place. The quantity of cocoa 
produced in British countries in 1913 was more than three times 
the amount consumed in the United Kingdom, yet that country 
only obtained about one-half its supplies from those sources, the 
remainder consisting largely of South American cocoa and foreign 
cocoa shipped via continental countries. Not only was this the 
case, but the British Isles were importing large quantities of prepared 
cocoa and chocolate from foreign countries which had been manu- 
factured there from British grown cocoa. During the war the 
position improved and a much larger proportion of the raw cocoa 
came from the Empire, no less than 86 per cent, of the total imports 
coming from British possessions in 1917, and it is to be hoped that 
this state of affairs will continue. The importance of the matter 
will be realized when it is stated that in 1916 the total imports were 
valued at no less than six and three quarter million pounds sterling. 
The question of the production of cocoa in the different countries 
of the Empire, the world’s consumption, and the cocoa trade of the 
United Kingdom is fully discussed in an article in the January- 
March (1919) Number of the “ Bulletin of the Imperial Institute.” Of 
the many interesting points brought out, two call for special mention. 
The first is the unprecedented growth of the cocoa industry in the 
Gold Coast, where the product is grown and prepared for the market 
entirely by the natives. The colony commenced to e3^rt cocoa 
in 1891 ao d it now produces more than one-quarter of the world’s 
output. The other equally remarkable fact is the enormous 
increase in the consumption of cocoa in the United States in recent 
years. The consumption has trebled since 1913 and about one-half 
the total quantity produced in the worid now goes to the States. 
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The uouou iitduistiy of the Gold CWst is also dealt with at 
length iu a message addressed to the Legislative CounoU of the 
(jolony by Sir Hugh Clifford; the Governor, which appears m the 
same Number of the Bulletin. 



PERSONAL NOTES, APPOINTMENTS AND TRANSFERS, 
MEETINGS AND CONFERENCES, ETC. 


WOODHOUWE-SOUTHERN MEMORIAL FUND. 

Rs. 

Donations received up to the .Slst May, 1919, and acknowledged 1,930 
in the Agricultural Journal of India, Vol. XIV, Pt. IV, 

July 1919 

Donations received during the period from 1st June to 31st 
August, 1919: — 

V. 6 . Gokhalc, Esq. . . . . . . 10 

S. K. Basn. Esq. . , . . . . . . 10 

Total . . Rs. 1,950 

**. 

The names of the mxdeTmentioiied have been brought to the 
notice of the Government of India for valuable services rendered in 
India in connection with the war up to 3Ist December, 1918 : — 

The Hon’ble Mr. H. R. C. Hailey, C.I.E., I.C.S., Director 
of Land Records and Agriculture, United Provinces. 

Mr. B. C. Burt, M.B.E., B.Sc., Deputy Director of Agricultiure, 
Cawnpore. 

Colonel J. Farmer, C.I.E., F.R.C.V.S., Chief Superintendent, 
Civil Veterinary Department, Punjab. 

Colonel H. T. Pease, C.I.E., M.R.C.V.S., Principal, Veterinary 
College, Punjab. 

Mr. J. G. Cattell, M.R.C.V.S., Superintendent, Civil Veterinary 
Department, Sind, Baluchistan and Rajputana. 

Lieut. (Temp. Col.) Geopfery Evans has been appointed an 
additional Companion of the Most Eminent Order of the Indian 
Empire in coimection with the military operations in Mesopotamia. 

( 841 ) 
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Mr. P. P. M. C. Plowden, LC.S., Joint Magistrate, Agra, has 
been appointed. Under Secretary to the Government of India, 
Revenue and Agriculture Department. 

* 

♦ ♦ 

Mr. W. a. Davis, B.Sc., A.C.G.I., has been granted special 
privilege leave for five months with effe(!t from the 11th October, 1919. 

* 

* * 

Mr. G. S. Henderson, N.D.A., N.D.D., Imperial Agriculturist, 
has, on the termination of his deputation under the Munitions 
Board, been granted with effect from 23rd June, 1919, combined 
leave for six months, viz., privilege leave for 3 months and 10 days 
and study leave for the remaining period. 

* 

♦ ♦ 

Mr. J. H. Walton, B.A., B.Sc., Supernumerary Agricultural 
Bacteriologist, Pusa, has been granted combined leave for six 
months. 

♦ 

The services of Mr. M. Afzal Husain, B.A., Supernumerary 
Entomologist, Pusa, have been placed at the disposal of the 
Government of the Punjab. 

* 

Mr. J. F. Dastur, M.Sc., who has been appointed to the Indian 
Agricultural Service, is appointed Supernumerary Mycologist at 
Pusa, with effect from the 30th June, 1919, and deputed to 
England for fifteen months for training. 

* 

* * 

Mr. W. a. Pool, M.R.C.V.S., on reversion from military 
service, has been appointed Second Bacteriologist, Iirperial Bac- 
teriological Laboratory, Muktesar, with effect from the 30th July, 
1919. 
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Mr. G. a. D. Stuart, I.C.S., is granted combined leave for 
one year with effect from the date of relief of his officiating 
appointment as Agricultural Adviser to the Government of India. 

♦ 

H* He 

Mr. R. H. Ellis, I.C.S., has been appointed to act as Director 
of Agriculture, Madras, m relief of Mr. R. Cecil Wood, M.A., and 
until further orders. 

* 

0 0 

Mr. R. C. Broadfoot, Probationary Deputy Director of 
Agriculture, Madras, has been appointed to act as Superintendent, 
Central Farm, Coimbatore. 

0 

0 0 

Mr. P. H. Rama Reddi, Probationary Deputy Director of 
Agriculture, Madras, has been appointed on completion of his 
training to act as Deputy Director, II & III Circles, vice Mr. G. R. 
Hilson granted leave or until further orders. 

0 

0 0 

Mr. P. C. Patil, L.Ag., who has been appointed to the Indian 
Agricultural Service, has been confirmed in the appomtment of 
Deputy Director of Agriculture, Northern Division, Bombay, from 
the 1st March, 1919. 

0 

0 0 

Mr. Bhimbhai M. Desai has been appointed Deputy Director 
of Agriculture, Gujarat, with effect from the 1st April, 1919. 

0 0 

Mr. D. L. Sahasrabudhe, B.Sc., L.Ag., Assistant Professor 
of Chemistry at the Agricultural College, Poona, has been appointed 
to act as Agricultural Chemist to Government, Bombay, with effect 
from the 1st June, 1919, pending further orders. 

4t 

* >|c 

Mr. G. Taylor, M.R.C.V.S., Superintendent, Civil Veterinary 
Department, South Punjab, has been appointed to officiate as 
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Supemtendent, Civil Veterinary Department, Bombay, with. efEect 
from the 12th July, 1919, oioe Lieutenant-Colonel G, K. Walker, 
C.I.E., O.B.E., F.R.C.V.S., appointed to oi&oiate as Prinoipal, 
Veterinary College, Lahore. 

He 

♦ He 

Mr. a. D. McGregor has been appointed to act as Superin- 
tendent, Civil Veterinary Department, Bengal- 

* 

* * 

Me. Rajeswar Das Gufia, who has been appointed to the 
Indian Agricultural Service, has been confirmed as Deputy Director 
of Agriculture, Bengal, from the 1st April, 1919. He has been 
placed in charge of the Northern Circle, but will continue to act as 
Deputy Director of Agriculture, Western Circle, in addition to his 
owi duties, during the absence of Mr. E. Smith on leave. 

Hk 

Mr. N. S. McGowan, B.A., Professor of Agriculture, Agri- 
cultural College, Sabour, has been granted combined leave for one 
year from the 1st April, 1919. Mr. Surendranath Sil, B.A., M.Sc. A., 
officiates as Professor of Agriculture during Mr. McGowan’s absence. 

* 

* * 

Mr. T. F. Quirke, M.R.C.V.S., Superintendent, Civil Veteri- 
nary Department, North Punjab and North-West Frontier 
Province, has been granted combined leave for six months with 
effect from 26th May, 1919. Mr. J. S. Garewal, M.R.C.V.S., 
officiates in Mr. Quirke’s place. 

* 

* * 

Rai Sahib Lala Kotu Ram, Deputy Superintendent, Civil 
Veterinary Department, has been appointed to act as Superintend- 
ent, Civil Veterinary Department, South Punjab, vice Mr. G| 
Taylor transferred to Bombay. 

# 

# # 

Mr. H. E. Cross, M.R.C.V.S., Civil Veterinary Department, 
Punjab, has been granted an extension of furlough for eight 
months. 
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Mb. F. J. Flymen, A.C.ai., Deputy Direotor of Agriculture, 
lias resigned his seat on the Legislative Council of the Chief Com- 
missioner of the Central Provinces. 

♦ 

♦ He 

Mr. G. Evans, C.I.E., M.A., on the completion of his special 
iluty in Burma, has returned to the Central Provinces. 

♦ 

* * 

Me. a. G. Birt, B.Sc., Deputy Direotor of Agriculture, Assam, 
is allowed combined leave lor one year and four months with 
eliect from the 24th June, 1919. 8rijut Lakheswar Barthakur, 
Superintendent of Agriculture, Assam Valley, is appointed to 
officiate. 


* 

* * 

Mr. E. S. Farbrother, M.R.C.V.S., is confirmed in the Civil 
Veterinary Department and appointed to officiate as Superin- 
tendent, Civil Veterinary Department, Sind, Baluchistan and 
Rajputana, with effect from the 1st July, 1919. 

* 

* * 

The seventh annual meeting of the Lxdian Science Congress 
will be held at Nagpur from the 12th to the 17th January, 1920. 

Sir Benjamin Robertson, K.C.S.I., K.C.M.G., C.I.E., Cliief 
Commissioner of the Central Provinces, has consented to be Patron 
of the meeting, whilst Sir P. C. Ray, C.I.E., D.Sc., Ph.D., Palit 
Professor of Chemistry, Calcutta University, will be its President. 

The Sectional Presidents xvill be : — 

Applied Botany and Agriculture. Mr. D. Cloustou, C.I.E., 
M.A., B.Sc., Offg. Director of Agriculture, Central Provinces. 

Physics and Mathematics. Dr. N. A. F. Moos, F.R.S.E., 
formerly Director, Bombay and Alibjig Observatories. 

Chemistry. Mr. B. K. Singh, M.A., F.C.S., Offg. Profe.ssor of 
Chemistry, Government College, Lahore. 

Systematic Botany. Mr. P. F. Fysou, B.A., F.L.S., Professor 
of Botany, Presidency College, Madras. 



816 


AGRICULTUEAL JOURNAL OP INDIA [XIV, V. 


Zoology. Mr. E. Vredenburg, B.L., B.Sc., A.R.S.M., 
A.R.C.S., F.G.S., Superintendent, Geological Survey of India. 

Geology. Mr. P. Sampatiengar, M.A., F.G.S., OfEg. Geologist, 
Department of Geology and Mines, Mysore. 

Medical Research. Lieut. -Col. J. W. Cornwall, M.A., M.D., 
D.P.H., I.M.S., Director, Southern India Pasteur Institute, Coonoor. 

Further particulars of the meetin.g may be obtained from the 
Honorary Secretary, Dr. J. L. Simonsen, Forest Research Institute, 
Dehra Dun. 



Kevieujd 


Forecasting the Yield and the Price of Cotton— By H. L. Moore. 

(Macmillan & Co.) 

The United States produces more than one-half of the total 
world’s output of cotton of 30 million bales, but, owing to the orga- 
nization of the American trade, the price of cotton in every market 
in the world depends more on the American price than the relative 
American production alone would indicate. The prediction of the 
yield and price of American cotton is, therefore, a matter which 
concerns the whole cotton-buying world. In applying the method 
of correlation to the problem of the yield of American cotton 
Professor Moore has been anticipated by Kincer. But Kincer, though 
he obtained a high value for the conelation, did so by multiplyir.g 
his rain and temperature variables by moie or less arbitrary co- 
efficients, which themselves depend on the antecedent climatic con- 
ditions. By choosing a sufficient number of such coefficients any 
correlation however high can be obtained, and there is no assurance 
that the formula of prediction is anything more than an empiricism, 
summing up past events, but of no use in predicting future ones. 
To this criticism Ibe whole theory of correlation, except where it is 
used to measure quantitatively the association between known 
‘ verse causae, ’ and their effect is, to some extent, exposed. In 
using the method of multiple correlation, in particular, long series 
are necessary if the number of variables used is at all large. Thus 
Professor Moore uses the rainfall in May, and the mean temperatures 
of June and August to predict the yield of cotton in Georgia, and 
obtains a mult^le correlation coefficient of 0*732, which suffices 
to out down the error of prediction to about 70 per cent, of the error 
of a pure guess based on the mean outturn. But the series from 
which the 3 total correlations are obtained is only cme of 20 years, 

( 847 ) 
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and this somewhat modifies, though it does not entirely vitiate, 
the value of the formula of prediction. The results obtamed for 
Georgia suggest that high rainfiill in May and high temperature in 
August are harmful to the cotton crop, while in June high tempera- 
tures are beneficial. To what extent these are true efiects of 
rainfall and temperature, or merely the result of some allied con- 
dition, such as plant disease, which in its turn, is dependent on 
climate, cannot of course be stated ofit-hand, nor indeed, for a first 
approximation forecast, does it matter. For the prediction of the 
price of Upland cotton from the total American output in bales, 
oven higher coixelatious aie obtained. Foi ex«unple, the correlation 
between the percentage change in price and the percentage in pro- 
duction is foimd to be - 0'819 and the multiple correlation co-efiicient 
between the price of Upland cotton and the combined factors of total 
production of cotton and index prices of all conmiodities is 0*869, 
from which the error of prediction cair be reduced to one-half of the 
standard deviation of the price of cotton from year to year. It 
appears, however, to be nowhere stated on what date the price is taken. 

Though Professor Moore has obtaiixed some useful results, and 
has shown conclusively that from climatic conditions the American 
cotton crop can be forecasted in nearly every case more accurately 
than the ofiicial forecast succeeds in doing, and that often a month 
earlier, it is impossible to admit that he has obtained a complete 
solution of the problem of cotton prices, or indeed that such a solu- 
tion can be found from the mere application of the method of mul- 
tiple correlation, as Professor Moore appears to imagine (p. 161). 
That an immense improvement in official crop forecasts can be 
effected by the method of correlation has been known in India for 
many years, and it has been shown that some sugarcane forecasts 
are, like the May American cotton forecasts, worse than useless; 
but to suppose that a final physical, chemical, physiolGgica] and 
economic phenomenon solution is to be obtained by pure statistics 
is a misconception, which nevertheless should n<»t blind us to the 
mtjrits of the methods evolved by Francis Galton and Karl Pearson. 

In another respect Professor Moore seems to go above his laif^ 
in attempting to better the official forecast of cotton baaed on the 
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condition-ratio tigutes iasued on the 1st of May, June, July and 
August. These figures Professor Moore correlates with the cor- 
responding yield-ratios, and finds as was to be expected that the 
correlation is less than unity. He then constructs the regression 
equation of yield-ratio on condition-ratio, and offers this as a better- 
prediction formula than the official prediction itself. This is air 
astonishing perversion of the method of statistics. Fortunately the 
author only seems to treat this prediction formula as a side issue, 
but as it has no meaning whatever it should not have been introduced. 

To sum up, the book is a definite step on the lines of attack of 
the problem of forecursts adopted by Hooker, Warren tSmith and 
others. [S. M. J.] 

» 

* * 

Fanners’ Clean Milk Book— -By Charles Edwarh North, M.D. 

(New York : John Wiley & Sons, Inc. ; London : Chapman 

& Hall.) Price os. net. 

This Irook is got up on the popular style. The matter is 
expressed in non-teclmi(ial language and will appeal to a very wide 
circle of readers. Although the advice is useful, nothing fresh is 
given to dairymen who carry on their work in an up-to-date manner. 
It may naturally be inferred from the publication of a work of this 
kind that the health authorities think that there is still much head- 
way to make in producing safe milk in America. 

While some information regarding the entry of the disease- 
producing bacteria into milk is given, and while pasteurization is 
described in a general way, an important point, namely, the thermal 
death-point of disease-producing germs and the exposure required 
at a given temperature to kill them, is omitted. In other words, 
the temperature of pasteurization and the time for which milk should 
be kept at that given temperature under different conditions have 
been passed over. Since the ordinary conditions of practical 
dairying differ considerably from th()se in the laboratory, Hr. North 
mi^t have instructed his readers on pomts regarding temperature; 
and exposure required to kill the more important pathogenic 
baoteria. 
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The importance of the personal element, namely, persons work- 
ing with milk being cleanly as regards themselves, and also as regards 
cows and dairy utensils, is a point with which all will agree. Dr. 
North has demonstrated this by arranging for good dauymen to take 
over temporarily ineihcient dairies and manage such in an up-to-date 
manner. The results obtained are very striking indeed, and one is 
surprised that there should be still in America such backward 
methods in practice. 

Apparently in America most milk producers object to the 
frequent visits of the dairy inspectors, as they add to the cost of 
producing milk. Such things as up-to-date management of cattle, 
building, pasteurizing, etc., etc., all cost money, and add very 
considerably to the cost of production. It is here that the health 
authorities, the producers and the consumers appear to come into 
conflict. The consumer wants cheap milk, the health authorities 
demand that milk should be produced on up-to-date lines, thereby 
adding to the cost of production ; while the milk producers insist 
that the increased rates paid' for an up-to-date milk supply are 
not commensurate with the increased expenditure. 

While the book aims at educating the milk producers and 
dairymen, little has been demonstrated on the lines of educating 
public opinion on the value of a satisfactory nailk supply. Some 
hints to milk consumers generally would also have proved useful 
and added to the value of the work. 

In the closing chapter, dairy arithmetic is dealt with, and 
it is there shown that, taking the food item alone, good milking 
cows produce milk at a lower cost than bad milkii^ cows. The 
statement, while correct, is very incomplete, as at least 13 other 
items add their quota to the coat of milk production. Such state- 
ments are liable to create in the mind of consumers some suspicions 
as regards farmers’ profits. In cases of this kmd, one should like 
to see the subject of costs either fully dealt with or entirely 
omitted. 

On the whole, the book contains useful information and may 
be read with advantage. [A. C.] 



iS^omspoudriKt 


intermittent bearing of fruit trees. 

To The Editor, 

The Agricultural Journal of India. 

Sir, 

In a note published on page 673, Vol. XIV, Part IV, of your 
journal, and entitled “ How to avoid intermittent bearing of fruit 
trees,” there appears a review of an article from “ Country Life.” 
The author of the article attributes the non-bearing of certain fruit 
trees in alternate years to the exhaustion of all reserve material 
during the years of abimdant bearing. He considers that this may 
be rectified by a liberal supply of easily assimilable manure at the 
time of the formation of fruit buds for the coming year. In support 
of this suggestion he cites the regular bearing of espalier trees and 
trees under glass. 

Headers of your valuable journal may be interested to know 
that the same question with reference to apple trees, is discussed 
in an illustrated article in the “ Journal of Heredity,” Vol. IX, 
No. 7, November 1918. The author, Mr. B. S. Brown, considers 
this biennial bearing condition to be a “ habit ” forced on the tree 
by conditions of environment in the early life-history of the individual. 
This habit is said to be not inheritable and can largely be corrected 
by a copious thinning of the fruits during the bearing year to prevent 
complete exhaustion. There is an interesting illustration of a graft 
apple tree, half ” Gravenstein ” and half “ Russian,” in which the 
two halves, for some unaccountable reason, have chosen two opposite 
years for their heavy crop, with the result that in one year one half 
is loaded with fruits and in the succeeding year the other half. 

Yours faithfully, 

Coimbatore • T. S. Venkataraman, 

The liHh July, 1919 . ^9- Sugarcane Expert. 
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3. The Strawberry in North America — ^History, Origin, Botany, 
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(London : J. (’. and E. 0. Jack.) Price, 6s, net. 

10. (.'o-operation in Danish Agriculture, by Harold Faber, an 
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(London : Longmans Green & Co.) Price, Ss. Qd. net. 
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1. Studies in Indian Sugarcanes, No. 4. Tillering or underground 

branchii^, by C. A, Barber, C.I.E,, Sc.D., F.L.S. (Bota- 
nical Series, Vol. X, No. 2.) Price, Rs. 4-4 or 7s. 

2. Studies in Indian Sugarcanes, No. 5. On testing the suitability 

of sugarcane varieties for different localities, by a system 
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cane, by C. A. Barber, C.I.E., Sc.D. F.L.S. (Botanical 
Series, Vol. X, No. 3.) Price, R. 1-12 or 3s. 

8. The Phosphate Requirements of some Lower Burma Paddy 
Soila, by F. J. Warth, M.Sc., B.Sc.; and Maung Po Shhi. 
(Ohemioal Series, Vol. V, No. 6.) Price, R. 1-12 or 3s. Zd 
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bandhe parikahar dwitiya bibaranee, by M. N. De- 
(Bengalee veraion of Pusa Bulletin No. 74 on “ Second Re- 
port on the Experiments carried out at Puaa to Improve the 
Mulberry Silk Industry.”) Price, As. 12 or Is. 

Reports. 

1 . Proceedings of the Second Meeting of Mycological Workers 

in India, held at Pusa on the 20th February, 1919, and 
following days. Price, As. 11 or Is. 

2. Proceedings of the First Meeting of Veterinary Officers in 

India, held at Lahore on the 24th March, 1919, and following 
days (with Appendices). Price, Aa. 8 or 9d. 
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PKEPACE. 


The Third Indian Science Congress Iield at Lucknow in 
February 1916, was a great improvement on the first and second 
meetings, and the expectations of the promoters as to the 
advantages of such meetings were on this occasion shown to be 
justified. The Indian departmental system of Government is apt to 
restrict correspondence between members of its numerous scientific 
departments and public and private institutions and to create a 
state of water-tight oompartments. This is a serious drawback to the 
interests of scientific progress in a country where most of the scientific 
work is carried on under the auspices of Government. A Science 
Congress breaks down these barriers and brings together men of 
varied shades of opinion in every branch of scientific activity, and 
enables them to check and discuss problems in a manner for which 
the ordinary Government reports and publications offer no 
corresponding facilities. It also aids in the sifting of the good from 
the bad and gives the public, which is none too well informed on 
scientific matters, an opportunity of becoming acquainted with the 
doings of science. For these reasons the Indian Science Congress 
would seem to deserve every encouragement. It is hoped that it 
will continue to improve and become a powerful weapon for the 
aid and advancement of scientific progress in India. 

One of the features of the last Congress was the creation of an 
Agricultural Section in which papers related to problems affecting 
the agricultural industry were read and discussed. Some of these 
are of considerable interest, and it is thought that to bring out a 
selection in the form of a Special Congress Number of the Agricultural 
Journal of India will be appreciated by the readers of the Journal. 
This explains the reasons for the present issue. 


Indore : 

Daied Uw May, 1916 . 


BERNARD COVENTRY. 



With Hcknowledgments to the Asiatic Society of Bengal, 
under whose auspices the Indian Science Congress was held, tor 
their kindness in allowing us to publish the papers contained in 
this number m extenso. 



EDUCATION IN ITS RELATION TO AGRICULTURE. 


BY 

BERNARD COVENTRY, C.I.E., 

LaU Advuftr to the Gorernm^tut oj India and Director of thf> 

Puna Agricultural Research Institute, 


“ I ain no educator, no teaclier ; I have made no psychological 
study of young people from an educational point of view, nor of 
the different methods of teaching suited to different ages, no statis- 
tical investigation of the influence of particular curricula in training 
the mind or furnishing it with useful information. I have, in short, 
neither made contributions to the science of education nor practised 

the art I can speak only as a member of the 

general public — not as an expert not that I regard 

the view of the. general public as unimportant 

The general public must, as all will admit, decide what is to be 
spent on education or, more strictly, on schools and colleges and 
professional educators, out of both public and private income — 
it is for them to decide on its relation to other social and family 
needs. But the concern of the public with education is not merely 
financial and administrative. It is more intimate than that. For 
education is not a subject like physics or chemistry on which only 
an expert has a right to an independent view. There are, no doubt, 
aspects of it of which only the expert can properly judge, there are 
experiments in it which only the expert can advantageously try, 
and there are, of course, departments of it in which the opinion of 
the expert is indispensable. But without depreciating either the 
science and art of education, it is clear that when we take education 
in its widest sense it concerns everybody and almost everybody 
is bound to have views about it.” 

I ) 
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These words were spoken by no less a person than Mrs. Henry 
8idgwick in her address as President of the Section on Educational 
Science at the recent meeting of the British Association at 
Manchester. 

I feel like Mrs. Sidgwick that I am “ no educator and no teacher ” 
and that an apology or at least an explanation is required from 
me for troubling you to-day in a subject on which I am not an 
expert. But when we have it on such an authority as Mrs. Sidgwick 
that education “ concerns everybody and almost everybody is 
bound to have views about it ” I feel I have a measure of sanction 
for imposing my views upon you. I do not propose, however, to 
make full use of this sanction and tell you all I tliink about educa- 
tion, but I propose to restrict my remarks to education in its relation 
to agriculture and further with the exception of an introductory 
statement dealing with a few facts, I do not propose to say much on 
the education of youth, but of that of the adult. You w'ill probably 
all admit that this is quite a novel and peculiar way of dealing 
with the question of education, but I trust you will find it none 
the less interesting and instructive. I should like to say before 
I go any further that I claim no credit for the ideas I shall place 
before you. They all come from America and, like everything that 
comes from that wonderful country, they are exceedingly “ cute ” 
and practical and in my opinion are eminently applicable to India. 

The population of British India comprises over 265 million 
souls. Of this vast multitude 80 per cent, or over 200 millions, 
that is to say, 4 in every 5 are dependent on agriculture. Any 
educational system therefore which does not take into considera- 
tion the relationship it should bear to agriculture is likely to be at a 
disadvantage. It is on the importance of this aspect of the educa- 
tional problem I intend to address my remarks. Now out of the 
whole population, millions or about 3 per cent, are scholars, 
though 15 per cent, or 36 millions are of the school-going age. Thus 
only 20 per cent, of those of the school-going age receive any 
education at aU. Of these 7| million scholars, about 1 million 
proceed to secondary education and about 40,000 reach a Univertttty 
career. 
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In judging of these figures in relation to the agricultural industry 
it should be borne in mind that the percentage of scholars is much 
higher in the urban than in the rural areas and also that a very large 
number of rural scholars never get more than a mere smattering 
of the most elementary education ; so that educational efficiency 
in rural areas is very much lower than the official returns of general 
education would indicate. I may appropriately refer here to a 
small brochure entitled “ A Policy of Rural Education ” by hlr. S. H. 
Fremantle*, the Collector of Allahabad, which has quite recently 
been published and which is well worthy of perusal. He complains 
how both in urban and rural schools education is too literary and 
how primary schools are worked for the benefit of that small section 
which can afioi'd a secondary education and not in the interests 
of the overwhelming majority of agriculturists, most of whom 
abandon their studies after a few months. I think Mr. Fremantle 
is right. It means that very few indeed of the agricultural popula- 
tion get any education at all, and that, as a class, it can be put 
down as almost illiterate. The authorities have not been ignorant 
of these facts, and it is not from want of trying to improve matters 
that things are at such a low ebb. Much has been done in recent 
years to improve our system of education, especially in its relation 
to agi'iculture and the subject may be said to have received an 
unw’onted measure of attention. In 1901 an important Conference 
was held at Simla presided over by Lord Curzon which led to a 
complete overhauling of the existing educational machinery. A 
policy of reform was then started, the vitalizing influence of which 
is felt to this day. A department of education was created with a 
member of council in charge. Money grants were increased and they 
have still further increased, as a result of keen interest taken by the 
present Viceroy, Lord Hardinge, who has made education a special 
object of his attention. Thus the total expenditure which in 1901 
was 4 crores, to-day is over 10 crores. The number of pupils in 1901 
was 3f millions, to-day it is millions. Interest has been stimulated 
in every quarter and expansion is noticeable in every branch. 


1 FrenutaUe* S, H., A Policy of BmU Education. W. Newnum & Co., Caloutt^^ 
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Agricultural and rural education have had quite a fair share 
of attention, and the need which exists for connecting the teaching 
of the schools with our chief industry has been and still is fully 
recognized. T therefore do not complain of w^ant of endeavour. 
But it (!annot be said that these efforts have been crowned 
with the success one would have wished. But if we have to 
admit failure, whether complete or partial, we have gained 
considerably by the discussions which have resulted and by the 
light which has been thrown on the difficulties inherent in 
the problem. 

The occasion when agricultural education rat seriously engaged 
the attention of Government and the people was in 1904, when the 
pohcy fCr improving the agricultural industry was started by fiord 
Curzon. At first it was the intention to restrict efforts to improving 
the industry itself, but later, influenced no doubt by the examples 
of advanced schemes abroad, the Government elaborated a policy 
under whi(d\ not only research and experiment, but agricultural 
education proper, formed an important and integral part. Large 
sums of money were devoted to the erection of agricultural colleges 
in nearly all the Provinces. Syllabuses were prepared by the Boai-d 
of Agriculture and the Colleges were empowered to grant a diploma 
of Licentiate of Agriculture. At first, signs of success were not 
wanting, ('andidates freely offered thenvselves for admission and 
there was found no difficulty in filling the colleges. However, as 
time rolled on, a decline in admissions became perceptible until the 
year 1913 when, in some colleges, the position became acute and the 
matter was brought up for consideration before the Board of 
Agriculture. The proceedings of the Board in that year indicate the 
general failure of the schemes drawn up in 1906 and 1908, and we 
find it expressed that the courses w'ere found not to be suited to the 
class of students for which the colleges were intended, that the 
demand and utility for the course is obscured by its being made a 
road to a degree, that college graduates engaged on the subordinate 
staff of the Agricultural Department, with very few exceptions, 
failed to show any power to develop any original line, that intelligent 
inquisitiveness and power of independent thought* was lacking, 
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that the course engendered too much cram and too little power 
of application, and so forth. What was the root-cause of this failure 
would appear to be explained in one of the resolutions which stated 
“ that the general standard embodied in the Matriculation or 
University Entrance Examination does not provide a sufficient basis 
to enable a student to take full advantage of the higher instruction 
obtainable in the existing agricultural colleges in India and the 
Board recommended that a general higher education is neiiessary in all 
students admitted to such a course. In other words, it would appear 
that the standard of general education in the country' was too low 
to afford suitable material with which to man colleges of such an 
advanced type as those which had been set up by the Agricultural 
Department. In fact, the colleges as educational centres were ahead 
of the times— primary and secondary education was too backward. 
C’onsequently the Board suggested a compromise by lowering the 
standard of the college curriculum to meet existing conditions and 
expressed its approval of a two years’ preliminary practical coui'se, 
which had been prepared for the agricultural college at Coimbatore 
a.s an introduction to the more advanced course. J\lany of the 
colleges have since adopted this, with the result that admissions 
have coiLsiderably increased. While we may expect that the 
Department will benefit by an increase of recruits for filling its 
subordinate posts, it has yet to be seen how far the education of the 
(udtivators will be influenced by the change. My own view is that 
these colleges as instruments for education will not accomplish very 
much, for the simple reason that they are ahead of the times 
and that there can be no real demand on the part of the youth of 
the country for an advanced agricultural course until considerable 
progress has been made in primary and secondary education and in 
the improvement of agricultural methods. Not until the industry 
is more highly developed and the standard of living has been 
raised, will there arise a demand for higher education amongst the 
agricultural classes. 


I Proceedings of the Bmrdof AgricHiturr in Mia, 1913, p. 42. Government Printing, 
India^ CulcttUft. 
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The creation of agricultural colleges, however, is by no means 
the only effort that has been made to improve the education of 
our agricultural youth. Agricultural schools under the supervision 
of the Agricultural Department have been started in some provinces 
which were commended by the Board. They give considerable 
promise of success and, in my belief, deserve every encouragement. 
Also, there have been attempts in all provinces to set up a system 
of rural education by imparting instruction based upon the 
agricultural surroundings of the children, and endeavours have been 
made to use nature study as a means to that end. But so far the 
results, we must admit, have been of a microscopic character. 

But there is a form of education which is not included in those 
T have mentioned and is unknown in India. It ia a form of 
education which has been adopted in certain parts of America and 
which has of late attracted a considerable amount of attention. 
It is, in my humble opinion, applicable to the condit ions existing in 
India, and offers opportunities in which officers of the Agricultural 
and Educational Departments could profitably combine to make 
the problem of education of the masses easier and more efficient. 
I will give a brief description. 

In America general education is carried on chiefly by the 
Government by whom large sums of money are yearly allotted 
to the cause of education, but privately supported colleges are 
abundant and both these and Government schools are largely 
assisted by private benefactions, the most important of which are 
controlled by a private body known as the General Education 
Board. 

Ten years ago great interest had arisen in the upraising of the 
Southern States whose industrial and educational conditions had 
fallen very much behind those of the Northern States. Conditions in 
the Southern States resemble in many particulars those which obtain 
in rural India. About 80 per cent, of the population is agricultural, 
depending for its livelihood almost entirely on the produce of the 
soil. There was great backwardness in both educational and 
industrial progress. Unfavourable economic conditions existed 
which were mainly the result of rural poverty. While the average 
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annual earnings of agriculturists in the Northern States were more 
than 1,000 dollars, those in the Southern States were as low as 
160 dollars. Under the auspices of the General Education Board 
an enquiry was set on foot to study the educational conditions in the 
Southern States and to devise the ways and means for improving 
them. The very practical way in which the enquiry was conducted 
is characteristic of the American people. Surveys were planned 
State by State, conferences were held, monographs were prepared, 
dealing with the various points on the organization of education. 
The conclusions which resulted from this enquiry are peculiar. 
To quote from the Report, it “ convinced the Board that no 
fund, however large, could, by direct gifts, contribute a system 
of public schools ; that even if it were possible to develop a system 
of public schools by private gifts, it would be a positive disservice. 

The public school must represent community ideals, 

community initiative, and community support, even to the point 
of sacrifice.”* The Board therefore resolved that assistance should 
be given not by foisting upon the Southern States a programme 
of education from outside, but by aiding them and co-operating 
with them in educating themselves. When, however, it proceeded 
lo apply these principles it was faced with the following initial 
difficulties. They found the people had not enough money, “ that 
adequate development could not take place until the available 
resources of the people were greatly enlarged. School systems 
could not be given to them, and they were not prosperous enough 
to support them.” “ Salaries were too low to support a teaching 

profession Competent professional training could 

not exist ; satisfactory equipment could not be provided.”* These 
conditions were primarily the result of rural poverty. The great 
bulk of the people was not earning enough to provide good schook' 
and the prime need was money. The Boaid therefore came to the 
conclusion that it could render no substantial educational service 
until the farmers could provide themselves with larger incomes, 

« 6«t»erttl ISdnoathit Board, A)* AccoitiU o, iU AcUvUiet, 1902—1914. 61 Btoadw»i-, 
New York. 

* Jbid, 
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and consequently they resolved that it was necessary first to improve 
the agriculture of the Southern States. Now mark what followed. 
The Board was first advised to address itself to the rising generation 
and to support the teaching of agriculture in the common schools. 
But after thoughtful consideration this plan was rejected. They 
found that in the absence of trained teachers, the effort was 
impiacticable ; moreover, there were no funds with which to 
pay such teachers, and the instruction itself would not materially 
contribute to its own support. Finally, it was impossible to force 
intelligent agri(;ultura] instruction upon schools whose patrons were 
not themselves alive to the deficiencies of their own agricultural 
methoth. Until the public was convinced of the feasibility of 
superior and more productive methods the public schools could 
not be reconstructed ; once the public was convinced and, by 
reason thereof, better able to stand the increased cost, the schools 
would naturally and inevitably re-adjust themselves. 

“ It was therefore deliberately decided to undertake the 
agi'icultural education not of the future farmer, but of the present 
farmer, on the theory that, if he could be substantially helped, he 
would gladly support better schools in more and more liberal 
fashion.’” Tire Board, therefore, set about an extensive enquiry as 
to tlie best means of conveying to the average working farmer of 
the South, in his nianhood, the most efficient known methods of 
intelligent farming. As a result of this enquiry a movement known 
as the Co-operative Farm Demonstration was set up. A year was 
spent in discovering the most effective methods of teaching improve<i 
agricultural methods to adult farmers. Dr. Seaman Knapp of 
the United States Department of Agriculture was engaged to 
show farmers how to improve their agricultural methods and raise 
the standard of their industry. It was not long before successful 
results were obtained. Under improved treatment it may be 
roughly stated that the crop yields were doubled. Thus in 1909 
the average yield in pounds of . seed cotton was 503 ‘6 per aci'e : 
on demonstration farms the average was 906*1 pounds ; in 1910 


Heiteral Sdumttim Board. An AteimiU o/ iU Avthitieo, 1W8— J»U. 
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t-he figures were 612’1 and 858*9 respectively ; in 1911 , 624*6 and 
1081*8 ; and in 1912 , 679*6 and 1054 * 8 . 

In the growing of corn similar results were obtained. Jn 1909 
the ordinary average yield was 16*7 bushels per acie, while on the 
demonstration farms it was 31*7 bushels per acre, in 1910 , 19*3 
and 36 * 3 , in 1911 , 15*8 and 33 * 2 , and in 1912 , 19*6 and 35 * 4 . It is 
further stated that the poorer the season, the inore clearly did the 
demonstration methods prove their superiority. The work was 
also studied from the standpoint of the farmer’s financial profit. 
“ In Alabama, for example, in 1912 , the average yield of lint cotton 
was 173 pounds per acre ; but demonstration ac!*es averaged 428*3 
pounds. Demonstration methods, therefore, netted the farmer 
255*3 pounds per acre. At the average price of 65 dollars a bale 
for lint and seed, the farmer made an extra 33 dollars per acre ; 
as there were 8,221 acres under cultivation on the (lemonstration 
methods, the total gain was 271,000 dollars. In the same year 
7,402 acres were under c.ultivation in demonstration corn. Demon- 
stration acres averaged 26*9 bushels more per acre than the general 
average for the State. The demonstration farmers of the State 
pocketed 139 , 379*66 inconsequence.”' This was of course in one 
State alone. These methods have not been restricted to cotton 
and corn, but have been applied to a very large numbei* of crops 
and the propaganda is not limited to (uiltural methods, but is applied 
equally to the improvement in farm equipment, more ('ornfortable 
houses, better barns, stronger teams, better implements, and cleaner 
and healthier surroundings. Hence it is claimed that the beneficent 
results of this work are not limited to financial profit and cannot 
entirely be measured by money. Characteristic examples of the 
relief which the new system brought are cited, but one example 
will suflice. In Mississippi 5 years ago the value of a certain 
farmer’s produce was one dollar per acre and he was 800 dollars in 
debt. In 1909 his entire farm was worked undei* the Government 
method. He averaged 1,100 lb. of cotton against his neighbour’s 
300 to 400 lb. He made besides 500 bushels of corn and from one 
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special demonstration acre realized 162 barrels of high class seed 
which he sold for 300 dollars. His debts are now paid and he has 
cash in the bank. So much for the education of the adult farmer. 
We now come to the effect this movement has had on the education 
of youth. We are told that the initiation of demonstration work 
and the application of the principle of co-operation has resulted 
in the disappearance of the disorganization characteristic of rural 
life. Colleges of agriculture, farmers’ institutes, agricultural high 
schools, “Boys’ Corn Clubs,” “Girls’ Canning and Poultry Clubs,” 
and the like have been brought into existence where practically 
none of these things existed before, and that the social and educa- 
tional awakening of the rural South is recognized as being a bye- 
product of the demonstration movement. Statistics show that the 
provision for schools has steadily increased. Thus the expenditure 
for public, elementary, and secondary schools in North Carolina 
which was 1 , 091,226 dollars in 1901 , is 4 , 300,000 in 1913 . In 
South Carolina the expenditure which was 961,897 dollars in 1901 is 
2 , 609,766 in 1913 , Arkansas 1 , 369,809 and 4 , 279 , 478 , and so forth. 
These instances give but meagre examples of the important results 
achieved by the demonstration movement. For greater detail 
I must refer you to the Report* itself. 

I think you will agree with me that the educational policy 1 
have described is novel and peculiar. When I say novel, 1 do not 
mean that demonstration work has not been used before among 
farmers and cultivators. We all know that it has, but it is novel 
in the sense, that never before, so far as I am aware, has demonstra- 
tion been used in any country as a force and weapon for education 
so as to make it a condition precedent to the education of youth. 
It is a new experiment but a new experiment of a remarkable kind. 
The results indicate that it is no use to try and educate youth if you 
do not first secure the welfare of the community to which it belongs 
and that therefore the development of resources should precede 
education in order of time. What the American General Board 
of Education says to the farmer in the Southern States is — ^Yott 
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are too poor to supply your sons with education ; we could assist 
you, but we do not consider it proper to do so, unless you yourselves 
contribute. As you cannot do this, we will assist you to increase 
your earnings so that you will be in a position to provide yourself 
with schools. When you have done this we will assist you further. 
We consider that it would be wrong for us to directly educate the 
rising generation, if you are not able to participate ; in fact, we 
believe that it would be a positive disservice for us to do so. Your 
schools should be started by yourselves, they should represent 
community ideals, community initiative, and community support 
even to the point of sacrifice. 

We have seen how the experiment has succeeded. Might we 
not with advantage apply the same principles to India ? Might 
we not invite the co-operation of the Agricultural Department in a 
general scheme and policy of education 1 Is there any likelihood 
of success without this ? Can we hope to give the youth of this 
country an adequate educational service unless we go to the root 
of things, like the Americans have done, and enlist and increase the 
activities of the Agricultural Department in enlarging the resources 
of the cultivator and thus build our educational system on the 
increased prosperity of the agricultural classes ? These are the 
questions I desire to offer for consideration. India is in no better 
position than the Southern States were ten years ago. Indeed I 
think we may safely assert it is in a far worse position. The average 
earnings of individuals in the Southern States at that time were 
150 dollars. In India, according to some authorities, under the 
moat optimistic calculations, they are as low as Rs. 30 per head. 
You must agree this gives little or no scope for self-help. It 
therefore seems to me plain that under present conditions we cannot 
expect the country to supply itself with the means for an advanced 
system of education. Nor can Govermnent be expected to do so, 
for Government’s resources are limited and depend upon taxation, 
and that in turn depends upon the ability of the people to be taxed. 
All Government can do is merely to touch the fringe of the problem 
and supply a modicum of education ; it cannot afford to do more. 
Mr. Fremantle very well describes the situation when he says : “ We 
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should surely pause to consider whether the time is ripe for the intro- 
duction of a system of general primary education into rural areas. 
It is a question whether we are not beginning at the wrong end 
and whether primary education can make any real advance before 
there is a substantial improvement in economic conditions.”* These 
are words which the devotees at the shrine of the policy of free 
education for the masses might with advantage ponder. 

The question then is whether we can, in any way. make the 
principles which have been so successfully applied in America, 
applicable to India. My belief is that we can. We have practically 
the same conditions here as obtained in the Southern States ten 
years ago. If anything, as I have shown, they are a good deal worse. 
But this is no argument against their adoption. Rather the reverse, 
for the lower the degree of prosperity, the greater is the need for 
increasing it. Already in the Provinces a great deal has been done 
by the Agricultural Departtnent in the way of demonstration of the 
character described and utilized by the American Board of Educa- 
tion. But it does not go far enough, ft, however, forms a nucleus 
on which to expand and might well be used as a beginning. The 
work is on the right lines. But we require to do more. We want 
more nien, more money, wider organization ; but, above all, we 
require the recognition amongst all classes that in this work lies 
the germ of future progress. This is a point which is not generally 
recognized, or, if so, it is certainly not acted upon. While the mone}' 
spent to-day on education is over 10 crores of rupees, that on agri- 
cultural development is only 50 lakhs. That shows that we have 
not yet got to view these two important problems in their right 
perspective, and do not fully realize the important relation which 
agriculture bears to education. Many think that the development 
of agriculture depends on education, and we gave effect to that view 
when we started our agricultural colleges. But would it not seem 
that the truth lies in the opposite direction, and that in a backward 
country like India the advance of education is really dependent on 
the development of agriculture, and that the best form of education 
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you can give to the rural classes undei’ existing circumstances is 
demonstration in improved agricultural methods > It was found 
to be so in the Southern States of America and we have no reason to 
suppose it is otherwise in India. To carry out the idea it is not 
necessary to bring our present educational policy to an end. I 
would not propose anything so revolutionary. Government must, 
as I have already explained, supply a modicum of literary teaching 
and this must continue, but it would be an immense improvement 
if the Agricultural Department were called in to co-operate and 
demonstration were given a large share in the general scheme of 
education. 

\Ve could not be e.vpected at first to progress with the same 
degree of rapidity as in America, because we have to do a large amount 
of research and experiment before w'e can demonstrate improved 
methods on a large scale. In America the advanced stage in the 
agricultural development of the Noithern States supplied ready at 
hand the .stock-in-trade required for at once setting in motion the 
demonstration movement in the backward Southern States. We 
are not so forwai'd. Still we have achieved enough with our small 
band of workers to show that the same kind of work can be done out 
here and that all we require is expansion. Given the means for this 
(and who will say it wmuld be a bad investment ?) and a recognition 
of demonstration as an integral part of a general scheme of 
education, and 1 feel sure we shall, by such a policy, lay the best and 
securest foundations for the advancement of education as well as 
of the prosperity of the people. 
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I. Introduction. 

A study of the literature dealing with agriculture indicates 
that there is some confusion of ideas as to the precise relation which 
exists between the science of botany on the one hand and the 
practice of agriculture on the other. In the present paper, an 
attempt has been made to define the bearing of the scientific aspect 
of the vegetable kingdom on the economic development of crop- 
production and to show how a knowledge of this science can best be 
applied to agricultural problems. A new term has recently grown 
up — ^Agricultural Botany — and text-books have appeared thereon 
as if a new branch of the science had been developed. Agricultural 
botany is supposed to be easier than ordinary botany and to be 
more adapted to the needs of the students in agricultural colleges. 
It is often assumed that in such colleges only a rudimentary knowledge 
of botany is required and that the examples used in teaching must 
of necessity be taken from cultivated crops. It is even thought 
that students trained in this manner will develop into investigators 
and that advances in agriculture can be achieved by such agency* 
I venture to assert that nothing could be further from the truth 
and that, in this direction, there is no royal road to success and that 
the final result of such endeavours can only be disappointment. 
Fox any real advance to be made in crop-produotion, a thorough 
soi^tific knowledge of botany in all its branches is one of the first 
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conditions of progress. This will be clear if the real problems to be 
solved are considered in all their bearings. 

The attempt to improve cultivated crops by scientific methods 
is a recent development and can be traced to two main causes — 
(l)the gradual recognition of the fact that in agriculture the plant 
is the centre of the subject ; and (2) the rapid rise of the study of 
genetics which followed the re-discovery of Mendel’s results in 
inheritance. 

Starting from Liebig’s application of chemistry to agriculture, 
an enormous amount of chemical investigation, relating to the com- 
position of the soil and of the plant, took place and for a time great 
hopes were entertained that in this direction important progress 
could be made. These expectations were not fulfilled, and gradually 
the chemists broadened the basis of their investigations and took 
into consideration the physical character of the soil, its geological 
origin, and the natural vegetation found growing therein. In this 
manner, modern soil-surveys have arisen in which the importance 
of the plant as a living organism has been slowly recognized. 
Recently, the development of genetics has drawn still more attention 
to the plant and this recognition is reflected in the present consti- 
tution of the staffs of up-to-date Experiment Stations. Side by 
side with these changes, the studies of disease in plants have to 
some extent receded in importance as is well seen if the present 
staff of the Bureau of Plant Industry of the United States Depart- 
ment of Agriculture is compared with that of twenty years ago 
when this Bureau was almost entirely composed of mycologists 
and when the advice given by the botanists was largely confined 
to the treatment of plant diseases. 

The importance of the plant in crop-production may be said 
to be generally recognized at the present time. A large number of 
botanists are being employed at Experiment Stations and the public 
have often been led to expect that a revolution is about to take place, 
particularly through the application of what is popularly known 
as Mendelism. A critical examination of the literature discloses 
some signs that these extravagant hopes are not likely to be fulfilled, 
not that these hopes are impossible but rather because the problems 
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have not always been taken up on a sufficiently broad basis and 
attacked simultaneously from several standpoints. 

If. The Development ok Botany. 

A brief review of the manner in which botanical science has 
developed will help to make (dear the great difficulties which must 
first be surmounted before any results of real practical value can 
be obtained. 

As is well known, the origins of modern botany are to be traced 
to the old herbals of the sixteenth and seventeenth centuries and to a 
period when plants were studied chiefly from the medicinal point 
of view. It was then essentially a field study out of which the 
modern ideas on classification slowly emerged. The development 
of the microscope, while leading to immediate and far-reaching 
advances, necessarily focussed the attention of investigators on the 
anatomy of plant organs and on the study of the various structures 
met with in these researches. Similar particularist tendencies 
arose in the growth of systematic botany and undue attention was 
often paid to the study of the floras of various regions from the point 
of view of herbarium specimens alone. The growth of physiology 
was too slow to remove entirely the evils of a somewhat formal 
and one-sided development which was reflected both in teaching 
and research. Physiological investigations are notoriously difficult 
and the greatest patience and skill are necessary in advancing 
our knowledge of the various functions in the plant. The manner in 
which botanical science has developed and the necessity of dealing 
with large classes of students in Universities, have necessitated a 
somewhat formal presentation of the subject in separate sections 
such as morphology, anatomy, physiology, and systematy. Much 
of this sub-division is inevitable but it renders difficult a proper con- 
(leption of the plant as a living whole, as a complex factory which 
takes in, by way of the roots, various mineral salts in solution in 
water and, by the leaves, oxygen and carbon dioxide from the air, 
working all these raw materials up into complex food substances 
by means of energy focussed from the sun through the medium of 
the chlorophyl corpuscles. The plant is continually manufacturing 
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new food, developing new organs, and completing its life cycle 
under constantly varying conditions as regards moisture, food 
materials, temperature, humidity, and illumination. The vege- 
table kingdom is like a multitude of exceedingly complicated 
and competing hostile factories which have to carry on their acti- 
vities under all sorts of rapidly varying circumstances. Any failure 
to meet the changes in the working conditions, caused by weather 
or by shortage of water and mineral salts in the soil, may mean the 
stoppage of the factory and the extinction of the organism. In 
this competition, all the combatants are armed to the teeth and 
possess all kinds of devices to assist in the struggle for existence. 
If any space in the sun is yielded by one of tlie competing factories, 
it is instantly seized by the rest. The limitation of armaments 
is an impossible conception in the vegetable kingdom. It is no 
easy task for the student to appreciate fully the many-sided 
aspects of the living plant and to master the manifold details of a 
science, still to a large extent in the descriptive phase of develop- 
ment, particularly when that subject is presented to him in parts 
often very loosely bound together. The investigator too is ham- 
pered in this direction by the necessity of specialization and of 
narrowing down the conditions of a problem so that the ordinary 
clear cut methods of academic research can be applied. It requires 
a conscious mental effort on the part of a botanist to regard the 
vegetable kingdom as a whole and not to think of it oiUy in terms 
of systematy, physiology, or of anatomy. Training in research in 
any particular branch does not‘nece8sarily widen the general outlook, 
although it is of the greatest use in other ways. 

The more recent developments in botanical science are for- 
tunately all tending to a study of the plant as a living whole. Both 
the scientific study in the field of plant associations (ecology) and 
the systematic examination of the various generations of plants 
raised from parents which breed true (genetics) are doing much 
to mitigate the evils which follow from undue devotion to purely 
laboratory work. Ecology and genetics are taking the botanist 
into the field and will, in all probability, materially influence the 
future development of the science. This will be all to the good and 

B 



18 


AGRIOULTCRAL JOURNAL OF INDIA 


sliould do much both to raise the standard of and emphasize the 
importance of field work and also develop the natural history side 
of botany. The botany of the future is likely to combine all 
that is valuable in laboratory work with modern ideas on ecology, 
classification, and genetics. 

in. The Relation of Botany to Aoriculture. 

We have seen’ that from the nature of the subject and arising 
out of their training, most botanists experience difficulty in realizing 
fully the plant as a living whole in which one part reacts on another. 
A wide scientific outlook on the many aspects .of plant life is neverthe- 
less the first condition in applying botanical .science to practical 
problems. It is, how^ever, by no means the only one. The next 
step for the botanist is to study his crop in the field and to learn to 
appreciate the agi'icultural aspects of crop-prorluction. In other 
w'ords, he must study the art of agriculture as applied to his 
particular problem. Too mmOi stress cannot be laid on this. The 
investigator mu,st himself be able to grow his crop to perfection and 
it is not too much to say that no real progress can be made without 
this. The ordinary agricultural processes applied to any crop bear a 
direct relationship to the phy.siological necessities of the plant and 
have been evolved from centuries of traditional experience. Thus 
in the growth of rahar {Cajanus indiem) in many parts of India, it is 
the custom to dig the land at the end of the monsoon as by this 
means the yield is increased. The physiological basis of this 
operation is the necessity for the provision of abundant air for the 
root-nodules in an alluvial soil consolidated by heavy monsoon 
rainfall. Indeed the a^icultural processes necessary to grow a crop 
to perfection in India are nothing more than lessons in physiology 
learnt by experience through a long period of time. In all investi- 
gations on crops, a first-hand knowledge of practice is necessary and 
nowhere is it so important as in plant-breeding work where practice 
is quite as valuable as an acquaintance with the methods and results 
of genetics. The greatest devotion to the study of inheritance, 
using for this purpose material indifferently growm, is largely labour 
lost as many characters are masked unless the plants are really 



APPLICATION OF BOTANICAL SCIENCE TO AGRICITLTCRB 


19 


thriving and well-developed. For iastanoe in wheat, the red colour 
of the chaff never develops in badly grown plants thereby causing 
great confusion in systematic and breeding work on this crop. In 
tobacco, the various leaf characters are almost entirely masked by 
bad cultivation and their inheritance can only be studied if the 
crop is grown to perfection. 

The inve.stigator, after having learnt how to grow plants and 
having mastered agriculture as an art, must proceed to study his 
crops in the field. It is not sufficient to plant the seed and wait till 
flowering time and harvest come round for the results. Daily 
contemplation of the growing crop and observation of the plant 
through its whole life-history will suggest many new ideas and do 
much to train the observer, an<l develop the power of accurate 
deduction and real agricultural insight. In variety trials and 
field experiments, the necessity of constant observation of the 
growing crop is seldom recognized. An even plot of land is selected, 
the (U’op is sown and the harvest weighed. Should the season be 
abnormal, this circumstance is often recorded. It is somewhat 
dimly perceived that the quantitative results of any year part^ake 
of the nature of an accident, but it is thought that a repetition of the 
experiment for, say, fifty to one hundred years and the striking of 
an average result will remove most of the effects of disturbing 
factors. It is true that this expensive and time-consuming procedure 
will give the mean result under the conditions of the experiment 
provided all due care is taken in carrying out the work. 
On the other hand, a constant observation of the growing cro]) 
by a fully qualified observer will lead to the deduction of the factors 
on which yield depends far more rapidly and accurately than can 
be done by such a mechanical method. Constant observation of 
the growing crop is therefore of the first importance. In course of 
time, the observer learns how to read his practice in the plant and, 
at the same time, he develops from hardly won experience a 
sympathy and understanding of the cultivator and of the grower’s 
point of view. The raising of crops is a most useful discipline for a 
young investigator fresh from the university, and it also serves rapidly 
to remove any intellectual arrogance he may possess in his attitude 
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towards the farmer or cultivator. First-hand practical experience 
will thus assist towards producing a proper relationship between 
the scientist on the one hand, and the practical man on the other. 
This apprenticeship will, at the same time, serve to eliminate at 
the outset men who lack a practical turn of mind. The agricultural 
public judges largely by eye, and is not trained in the rapid digestion 
and understanding of printed reports. Well grown crops at an 
experiment station are much more telling than printed bulletins 
however well-illustrated these may be. In dealing with the would-be 
improver, the attitude of the agriculturist is often one of amused 
scepticism as, among themselves, deeds always count much more 
than words and the benefits of education are not always regarded 
with enthusiasm. “ Show me thy cultivation and I will tell thee 
what thou art *’ is merely putting into words the view of the country- 
side towards a new arrival in its midst. The agricultural investigator 
must also pass through this ordeal with credit to himself before 
he can hope to establish his position and hold his own with the 
tillers of the soil. 

Science and practice must be combined in the investigator 
who must himself strike a correct balance between the two. The 
ideal point of view of the improver is to recognize agriculture as 
an art which can best be developed by that instrument called 
science. Once this is fully realized and acted upon, the place of 
the experiment station in agriculture will be understood as a matter 
of course and the qualifications needed by the workers will be self- 
evident. There will be little or no progress if practical agriculturists 
are associated with pure scientists in economic investigations. 
This has often been tried and has never yielded results of any 
importance. The reason why such co-operation fails is that without 
an appreciation of practice, the scientist himself never gets to the 
real heart of the problem. The history of the indigo investigations 
in India is a very good case in point. During the last 20 years, a 
number of scientists have been employed in an endeavour to improve 
the production of natural indigo. Over £50,000 have been expended 
on work between 1898 and 1913 but no results have been 
obtained, largely because the scientists preferred to engage European 



APPLICATION OF BOtANICAL SOIIBNCB TO AORICliLTCrRE 


21 


assistants on indigo estates to gcow their experimental crops rather 
than to cultivate them themselves. The result was that the real 
problems were not discovered, a large amount of ineffective work 
was done and valuable time was lost during which the natural indigo 
industry declined and the synthetic product rapidly established 
itself in the markets of the world. The solution of the indigo problem 
has recently been disclosed by a study of the plant in the field. 
It is not too much to say that if a properly qualified botanist with 
a knowledge of agriculture had attacked the indigo problem twenty 
years ago, the history of this industry would have been very 
different. 

There remains for consideration the commercial aspect of 
investigations on crops and the necessity, on the part of the worker, 
of keeping in close touch with the requirements of the trade. Parti- 
cularly is this important in the case of materials used in textile 
industries like cotton w'hei-e any marked alteration in the raw product 
might easily involve extensive changes in machinery. In the case 
of cereals like wheat, it is necessary in improving the variety to 
follow closely the needs of the manufacturer and to ensure that any 
new types introduced into general cultivation can be milled to 
advantage. If grain quality, of increased commercial value, can 
be secured as well as higher yielding power, the combination is all 
to the good. The investigator must therefore study trade require- 
ments and be able to make use of the experience and knowledge of 
the men who handle and use produce on the large scale. The 
successful merchant often possesses information which is of the 
greatest value to the botanist and which helps the investigator to 
perceive the manner in which an improvement can moat effectivel 
be made. Just as the success of a commercial man depends on his 
ability to determine the direction in which he can improve his 
method or his product above those of his competitors, so the investi- 
gator must possess a similar practical instinct. He must be able 
rapidly and unerringly to decide in which direction the maximum 
improvement is possible. 

That a combination of science, practice, and business ability 
in the same individual is essential in all agricultural investigations 
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(Icaliiig with the plant will be evkleut if the kind of problem awaiting 
solution is considered in detail. Many of these questions fall into 
the following three classes : — 

(1) 1mj)rovemeHls in the efficiency of the plant. If we regard 
the plant as a factory and a crop as a number of factories, the aim 
of the grower is to produce the largest possible output of some plant 
product — seed, leaves, roots, stems, or flowers. In stimulating a 
t;rop to produce the maximum in any one direction, the factory as a 
whole must be considered and the ma<‘hinery must not be thrown 
out of gear. The physiological aspe(its of growth must be clearly 
kept in mind as well as the conditions under which the translocation 
of reserve foudstiifis takes place. We can, for example, often 
inciease the yield of leaf in a crop like tobacco by suitable manurial 
treatment such as a copious supply of nitrogenous food material, 
but the resulting loss in qualify is so great that the extra weight 
would result in financial loss. We should merely produce in this 
way badly ripened leaves in which the proper development of colour 
and flavour during curing would be impo-ssible. Any attempt to 
iiun ease the oulput of a ciop can only be su(!ce88ful if the physiology 
of the plant is considered together with the economic aspeids of 
production. Such problems have to be solved witliin the working 
conditions of the plant factory and also within the general economic 
limits imposed by lal)our and (;apital. In such matters, the 
investigator might easily go astray unless he keeps the laws 
of plant physiology in view and unless he is fortified by a 
knowledge of practice and an appreciation of the general working 
conditions. 

(2) The treatment of disease. Tlie inadequacy of much of the 
experiment station work on the diseases of plants, in which fungi 
and insects are concerned, lias recently been referred to by 
Professor Bateson^ in one of the sectional addresses to the British 
Association ; — 

“ Nowhere is the need for wide views of our problems more 
evident than in the study of plant diseases. Hitherto, this side 


' Hepot t of the British Associathm for th Adcam ement of Scienoe^ J911> p. 690. 



application op botanical science to agricoltorb 


23 


of agriculture and of horticulture, though full of possibilities for the 
introduction of scientific method, has been examined only in the 
crudest and most empirical fashion. To name the disease, to burn 
the affected plants, and to ply the crop with all the sprays and 
washes in succession ought not to be regarded as the utmost that 
science can attempt. There is at the present time hardly any 
(iomprehensive study of the morbid physiology of plants comparable 
with that which has been ko greatly developed in application to 
animals. The nature of the resistan<;e to disease, c'haractcristic 
of so many varieties, and the methods by wliich it may be ensured, 
offer a most attractive field for research, but it is otic in which the 
advance must be made by the development of pure science, and 
those who engage in it must be prepared for a long period of laboui' 
without ostensible practical results.’' 

A diseased condition in a plant usually arises from some profound 
interferen(;e with the normal physiological processes after which a 
pathological phase gtarlually develops. The protoplasm and 
cell-sap become chaiged with waste products and a parasitic fungus 
is then able to destroy the tissues. An invasion of fungus mycelium 
is usually impossible when the plant is in health as piotoplasm is 
strong enough to resist any attack and t he cell-sap is not in a suitable 
condition to nourish the fungus. The parasitic fungus and the 
destructive insect are often consequences rather than the real causes 
of disease and are merely t he last phase iji tlie death of a moribund 
organism. The Java indigo c.rop in Bihar* lias recently furnished 
an interesting example of the necessity of a wide outlook in the 
investigation and treatment of plant diseases. A diseased condition, 
known locally as wili, began to make its appearance some years ago 
after which it rapidly spread all over Bihar. About the middle of 
the monsoon, the plants were observed to drop a good deal of leaf 
and the remaining foliage was seen to change in appearance, becom- 
ing a greyish, slaty colom'. Growth finally ceased after which the 
plants slowly died during October and November. Not only was 


I Howard »ad How.iid, Th« Improvement of Iniii/o in Bihar, Bulletins 51 *nd 51, 
AgriottRuml Rowaroti Institute, Pusa. 
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the yield of dye seriously reduced, but the affected plants yielded 
hardly any seed. For this reason, the area under Java indigo in 
Bihar rapidly fell from 70,000 bighas in 1910 to about 16,000 bighas 
in 1913. Investigation of this disease yielded no results, and it was 
found that none of the insects, fungi, or bacteria associated with the 
affected plants were responsible for the trouble. For the moment, 
science seemed entirely at a loss in suggesting any practicable means 
by which the final extinction of the indigo industry could be 
prevented. In reality, however, the jwsition was in no respect 
hopeless. Examination of the affected crop 8ht)wed that the leaf- 
fail and wilt were connected with the destruction of the active 
root-system of the ])lant, including the nodules, as a result of 
interference with the air-supply of the loots brought about by a 
const antly wet condition of the soil during the long monsoon phase. 
The wilt disease was found to be the last stage in starvation caused by 
the cutting off of the supply of one of the essential raw materials-- 
air- -needed by the roots and root-nodules. Evidently the line of 
attack lay in the direction of increasing the air-supply in the soil and in 
assisting the plant to withstand the (constantly moist soil conditions 
which set in during the monsoon. This was done by improving 
the methods of cultivation during the hot weather and by the 
provision of surface drainage, by which each field was emt off from 
the run-off of other areas by a suitable arrangement of trenches- 
The problem of the seed supply was solved by August sowings on 
high-lying, well-drained fields. In this manner, the plants were 
able to withstand the wet soil conditions of the second half of the 
monsoon without injury and to yield fine crops of excellent seed. 
The 5 deld of dye was materially increased by thorough cultivation 
in the hot weather combined with surface drainage. The history 
of the indigo disease in Bihar furnishes a very good example of the 
necessity of a broad outlook in dealing with diseases of crops and 
for regarding the plant as a complex factory in which injury to any 
one part often upsets the whole machinery. 

(3) Tim creation oj improved varieties. In the development 
of an industry like the manufacture of cotton cloth from the raw 
material, there is, as is well known, a constant substitution of the 
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existing machinery by improved types ami the scrapping of old 
plant is continually taking place. In like manner in agricultural 
development, the substitution of existing varieties by improved 
forms is constantly being carried out, and in many European crops 
the varieties grown a hundred years ago have almost disappeared. 
In crop-production, as in cotton factories, the size of the scrap-heap 
is one of the indications of the rate of progress. The creator of 
new varieties of plants must obviously be even better fitted for his 
task than the engineer who improves spinning and weaving 
machinery. In a cotton factory, improvement can be made in detail 
whereas, in the plant, the whole factory must be replaced by a new 
one and the variety changed. To develop an improvetl variety and 
to utilize botanical science to the best advantage, it is (dear that the 
problem to be attacked must first be understood in all its bearings. 
We require to know by experience the general agricultuial conditions 
of the tract in which the improved variety is to be grown, the kinds 
at present cultivated, the directions in which improvements are 
possible, and where the greatest economic advantage can be obtained. 
In other words, the problem must be simultaneously considered 
both from the standpoint of the cultivator and from the point of 
view of the trade. An understanding of the needs of the oi-op and a 
knowledge of systematy and genetics must be combined with the 
*nsight of the inventor. In such work, no possible scientific method 
can succeed without the intuition of the breeder. Any attempt to 
measure or record the chara(fters of large numbers of plants and to 
obtain the final selections by a scientific system of marks is hopeless, 
as the investigator would be speedily swamped Iiy the volume of 
his material. The insight of the breeder is necessary foi- the work 
and the judgment, which comes by practice, in the rapid summing 
up of essentials by eye is far more useful than the most carefully 
compiled records or any system of score cards. The successful plant 
breeder is to a large extent born and not made as is pi oved by the 
fact that without the aid of science great advances have been made 
in the breeding of stock, cereals, and in various branches of horti- 
culture. Science helps the born breeder by providing him with 
new and better instruments and, by bringing knowledge to bear 
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from many sides, it accelerates the output and lightens the work 
in a multitude of ways. 

Tn the limits of this paper, an attempt has been made to indi- 
cate the class of problems in plant-production which await solution if 
progress in agriculture is to be obtained by the aid of botanical science. 
These problems are not simple, and often cannot be solved by the 
ordinary methods of academic research. Many of them can, however, 
be dealt with successfully if attached simultaneously from several 
standpoints provided always that the investigators themselves are 
fully qualified for the work. As far as crops are concerned, progress 
can best be made by botanists, well grounded in pure science, who, 
at the same time, possess sufficient aptitude to master agriculture 
as an art and who also have the type of mind to be found in 
tlie successful inventor. In this direction, the field of work in the 
Empire is almost unlimited and the great universities, by helping 
to train the investigators of the coming generation, have a truly 
Imperial task to perfoim. Failure on the part of individuals will 
occui’ in the future as in the past, but one great cause of want of 
success will be removed if the all-importance of agriculture as an 
art in the equipment of the next generation of experiment station 
workers is recognized by all concerned. The State can do much 
in these matters by a practical recognition of the principle that 
the labourer is worthy of his hire and that the man, who makes 
two blades of grass grow where one grew before, deserves well of 
his country, and must be promptly and adequately remunerated. 



IMPORTANCE OF SOIL-AERATION IN FORESTRY 


BY 
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Forest Botanist, 


Forest officers have long realized the iinport-auce of soil- 
aeration in Forestry in so far as this is connoted by sucli general 
expressions as “ the physical condition of the soil, water- logging, 
and so forth. The aspect of this question dealt with in the present 
paper, however, is one which has not yet atti'acted the attention 
it deserves, viz., the damage that may be done to the seedlings of our 
forest trees by insufficient soil-aeration when the physical condition 
of the soil is apparently suitable for growth and wheji the soil, 
althoi^h moist, is far from being saturated with water. The 
results noted in this paper refer, it is tnie, to a single spetdes only, 
■viz., the sal tree, Shorea robmta, but it is believed that they will be 
found to apply to a number of other species. 

The seedling reproduction of sal in our Indian forests is by no 
means satisfactory. In many forests where conditions seem favour- 
able no seedlings exist, and in others the seedlings die back for 
several years. Plate 1, fiig. 1 shows examples of sal seedlings which 
have died back for several years and which are typical of the majority 
of those found in the protected forests of Northern India. Note the 
thickened rootstocks and comparatively feeble shoot development. 
This dying back is usually considered to be due to drought. The 
whole plant here dies annually with the exception of the stout 
portion just below the ground level which persists and gradually in- 
creases in size and length until finally a persistent aerial shoot is also 
developed. This delay in the establishment of seedlings interferes 
with the economic management of our forests and entails a financial 

( 27 ) 
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sacrifice in the loss of several years’ increment. Drought, however ^ 
obviously cannot explain why seedlings frequently die wholesale 
duiing the rains nor why the dying-back is frequently more marked 
in the moist soil of the shady forest than in the drier soil in the open. 

The following results dealing with the causes of the death and 
dying-back of sal seedlings have now been established by work 
recently carried out at Dehra Dun ; — 

(1) Seedlings grown under favoui’able conditions of soil and 

moisture in the Dehra garden do not, as a rule, die 
back. A few weakly individuals do die back, but the 
majority produce vigorous shoots which persist from 
the first and attain an average height of 13" in one 
year and 2C" in two years. 

Plate 1, fig. 2 shows such seedlings one year old and also 
some weakly plants of the same age which have died 
l)ack. These vigorous garden plants indicated the 
development which was possible under the local climatic 
conditions and the chief object of the present work 
was to attain or approach this ideal in the local forests. 

(2) An experiment carried out in the Dehra garden, in 1913, 

showed that, if rain water was allowed to accumulate 
in non-porous pots, in whicli the basal drainage holes 
were tightly corked, and which weie filled with the 
local scd-forost soil, the lattej’ was soon rendered 
entirely unsuitable for the growth of sal seedlings, 
although it was by no meaas saturated with water. 
It was found that, under these conditions, 100 per cent, 
of sal seedlings were either killed or had their roots 
extensively rotted when the water-free air-space in 
contact with their roots was maintained at 450 c. ins. 
per c. ft. of soil, or less, for a period of 6 weeks, while 
seedlings in the same soil, in similar pots, but which 
were uncorked, remained healthy. This experiment 
was repeated in 1916 with practically the same results. 

Plate II shows the appearance of the seedlings in these 
pots in (September 1915. Note the healthy plants 










Photograph taken 20th September 1915, showing Sal seedlings growing in Sal forest loam. Note the healthy growth in the uncorked pots 7 

as compared with that in pots 6 and 8 which were corked on 30th July 1915. 
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in tlxe iiiKsorked pots 7 and 9 us ooinpured witli those 
in the corked pots 6 and 8. 

This strongly injurious effect on sal seedlings of a con- 
stantly moist condition in loam was also obtained in an 
earlier experiment in which good basal drainage was pro- 
vided, but in which the soil was kept constantly moist 
by merely diminishing the evaporation from the surface. 

(3) Sowings in 1912-13 in sample plots in the shade of the 
local sal forests and on similar soil in the open outside 
the forests, respectively, i-esulted at the end of the 
first rains in 7 per cent, and 37 per cent., respectively, 
of healthy plants, calculated on the ixumber of seeds 
sown. Similar sowings in the following year resulted in 
17 per cent, and 86 per cent., respectively, of healthy 
plants. 1 n these experinxonts the death of the large 
number of seedlings in the shade was preceded by more 
or less extensive rotting of the root. During the rains 
of 1912 the surface soil of the shade plots did not con- 
tain nxore than 400 c. ins. of water-free air-space per 
c. ft. of soil, whereas the soil of the open plots contained 
considerably less water and more water-free air-space. 
It will also be seen that, in the shade plots, the water- 
free air-space was actually less than has been proved 
to be higlxly injurioxis in the same soil in txon-porous 
pots. In the dry season following the raiixs of 1912 
more seedlings died of drought, during the months of 
least rainfall, in the shade than in the open plots. 
This was explained by the fact that, althoxigb there 
was practically no difference in the soil-water-content 
of the open and shade plots, respectively, at a depth 
of 3-9* during this period, the roots in the shade had 
attained, by May 1913, an average leixgth of 6" only, 
as against an average length of 18* in the open. The 
plants in the open, therefore, having their roots in 
the deeper moister soil layers were comparatively 
safe from damage by drought. 
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Plate III, fig. 1 shows a typical shade plot at the close 
of this experiment in July 1916. Notice the absence 
of vigorous seedlings in the seed-bed. Plate III, fig. 2, 
on the other hand, shows one of the open plots in the 
same month. Note the numerous healthy plants. 

(4) Sowings, in 1913, in large pots filled, some with clean sand 
alone and others with a mixture of clean sand and 
dead sal leaves, which were sunk in one of the shade 
plots of the previous experiment resulted in a percent- 
age of 82 healthy plants at the close of the first rains, as 
compared with 62 per cent, obtained in the adjacent soil 
from which the dead leaves and humus had been 
cleared for two years and 1 6 per cent, obtained in the 
same soil with which dead sal leaves had been mixed. 
The root development in the sand was also materially 
better than that in the adjacent .soil. As the plants, 
in this experiment, were exposed to practically identical 
conditions of light, temperature, ami air-humidity, 
this indicates that the unsatisfactory development of 
seedlings in the shady forest is primarily due to a soil 
factor and not to deficient light, unsuitable air- 
temperature, or air-humidity ; also that the injurious 
effect is increased by an admixture of dead sal leaves 
with the forest soil and is inoperative in a well drained 
sand even when dead sal leaves are mixed with it. 
Other experiments have indicated that the effect of 
this soil factor is progressively diminished by repeated 
working of the soil coupled with removal of the humus. 

With reference to the chief object of the present work, viz., 
the establishment of vigorous seedlings in the local forests, the 
experiments detailed above indicated : — 

(1) that an injurious soil factor was chiefly responsible for the 
unsatisfactory seedling development by causing high 
mortality during the rains and subsequently a high 
percentage of deaths from drought owing to poor root 
development ; 




Fig. 1. Fig. 2. 

Forest shade plot XI. Photograph taken 20th July 1915, Forest plot V’ III, in the open. Photograph taken 20th July 1915. 

2 years after sowing. Note the absence of vigorous seedlings in Note the numerous healthy 2-ycars-oId seedlings surviving in 

the seed-bed. the plot. 
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(2) that this soil factor could be put out of action by 
sufficiently good soil-aeration. 

It appeared probable, therefore, that clearing the forest growth 
and exposing the soil freely to sun and air would produce the soil 
conditions necessary for successful growth, provided that the area 
cleared was sufficiently small to ensure the light side-shade necessary 
in Northern India for protection from frost. In 1913, therefore, two 
adjacent sample plots were selected in a portion of the Debra forests 
where sowings in the previous year had given unsatisfactory results. 

Above one plot, the overhead cover was entirely removed, before 
sowing, by felling all trees above and in the immediate neighbour- 
hood of the plot, the total cleared space having a diameter of 
60 ft. or a little less than the height of the surrounding trees. In 
the adjacent shade plot the cover was kept intact, .^t the close of 
two years, the perc.entage of healthy plants in the shaded and cleared 
plot, respectively, was 34 and .59, the percentage of the surviving 
plants which had not died back was 10 and 25, while the average 
height of the plants was 5" and 12 4'', respectively. The fact that 
the ground was worked and dead leaves removed for two vears in sue- 
cession was responsible for the results in the sliade being considerably 
better than usual, but there can be no question as to the marked 
superiority of the open plot. In the c.leared plot al.so, taking only 
the 4 best plants (which w'ould be sufficient to stock the area of the 
plot, viz., 18' X 3'), their average height was 20^" which fairly closely 
approaches the ideal seedling development for the locality which 
was noted at the beginning of this paper viz., 26". 

Plate IV, fig. 1 shows the shade plot and Plate IV, fig. 2 the 
cleared plot at the close of this experiment in July 1915. 

The conditions necessary for the successful growth of sal seed- 
lings, therefore, may be said to have been determined as follows : — 

(1) a well aerated seed-bed free of raw humus; 

(2) full overhead light; 

(3) light side-shade sufficient to prevent damage from frost 

and to keep the soil moist in the dry season. 

As regards the identity of the injurious soil factor alluded 
to, all the facts hitherto ascertained indicate that it can be ren lered 
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iniiooiioua by sufficiently good soil-aeration and, for the present, 
it inay be conveniently indicated by the general term bad soil- 
aeration. It is not at present possible to define it more exactly or 
to indicate the precise way in which good aeration renders it inno- 
cuous. One thing, however, is clear, uiz., that the injurious action 
is not due merely to an excess of water in the neighbourhood of the 
roots. This has been praved by a water-culture experiment carried 
out at Dehra Dun during last rains, in which the injurious factor was 
found to be practically inoperative. In this case, after 75 — 78 days 
in the water-culture, only 8 per cent, of the sal seedlings died and the 
average length of healthy root in the surviving plants was o'S." A 
simultaneous culture in badly aerated soil foi' a period of only 67 
days resulted in 93 per cent, of deaths and an average length of 
healthy root of 1" only. Plate V, fig. 1 shows the appearance of the 
seedlings after 75 — 78 days in the water-culture and Plate V, fig. 2 
shows the root-development of 6 typical specimens. 

Other factors possibly concerned are the lack of sufficient 
oxygen for root respiration and the pioduction and accumulation 
in injurious quantities in the soil of one or more 8ub.stances which 
are directly poisonous to the roots. Further woi’k is lequired to 
determine the relative importance of these factors. In the meantime, 
however, it is interesting to note that Mr. C. M. Hutchinson, Imperial 
Agricultural Bacteriologist at Pusa, who kindly examined samples 
of the soils from the corked pots mentioned in the above experi- 
ments, has found bacterio-toxins in all of them. These toxins are 
said to be capable of inhibiting nitrification and of directly injuring 
seedlings. 

In conclusion, it may be noted that the accurate identifica- 
tion of this soil-factor is important for Indian Forestry, not only 
on account of its effect on seedlings, but also because of its possible 
action on older trees. There is reason to believe, for example, that, 
in the wet sal forests of Assam and the Bengal Duars which enjoy 
an annual rainfall of some 200", the intensity of this injurious factor 
progressively increases with the age of the forest and materially 
affects the health of the older trees— possibly preparing the way for 
the attacks of injmious soil fungi and other parasites. 




Forest shade plot V. Photograph taken 20th July 1915. Note the appearance of the Forest Plot IV. An area 60 ft. in diameter was here 

2-years-old seedlings surviving in the plot. clear-felled in May, 1913. The photograph was taken 

on 20th July 1915. Note the vigorous 2-years-oId 
seedlings surviving in the plot. 





Fig. 1. 

Pholoi^raph taken 27th Octoi)er 1915, showing 12 Sal seedlings which haee been grown con- 
tinuously in a water-culture solution for a period of 75 (in the case of four plants on the right) 
to 78 da>’s (in the case of 8 plants on the left. ) 



Fig. 2. 

Photograph taken 27th October 1915, showing the root-development of 6 Sal seedlings which 
have been grown continuously in a water-culture solution for 78 days, in the case of the 4 plants on 
the left, and for 75 days, in the case of the 2 smaller plants on the right. 






THE RE-ALIGNMENT OP AGRICULTURAL 
HOLDINGS. 


B. C. BURT, B. He. 

Deputy Director of Agriculinre^ Central Circle^ Cawnpore, 

Most countries with a large peasant population have found it 
necessary at some time or other to introduce legislation for the 
re-alignment of holdings to enable the available land to be more 
economically and efficiently cultivated. The subject has been 
ventilated from time to time in India but little has been done. It is 
true that the waste of irrigation water, caused by the present hap- 
hazard system, has often been insisted upon, and in the Punjab care 
has been taken to avoid this on the great new canal systems. Near 
I’oona in the Bombay Presidency the Irrigation Department is now 
engaged on the squaring up of fields and the di-afting of rules to enable 
greater economy of distribution to be effec.ted on the small, but 
important, canal systems which are chiefly ixsed for sugarcane. 
Generally speaking, however, the advocate of re-striping is looked 
upon as an impatient idealist whose methodical soul is vexed by the 
present irregular field boundaries. 

It has to be admitted that there are great practical obstacles 
in the way. The present land tenure system of the United Provinces, 
espeoiaUy in that portion which comes under the Agra Tenancy Act, 
makes it exceedingly difficult to alter field boundaries without 
infringing vested interests. An occupancy tenant possesses culti- 
vating rights in a definite plot of land, which may be only a fraction 
of an acre in area, and not only can he not be dispossessed, but there 
is no legal way in w^hich his occupancy rights can be purchased from 
, ( 33 ) c 
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liini except in those cases wliere land is a(5qiiii;ed by Grovernnient. 
Nor is the owneislii]) of land any more simple. Many villages are 
now owned by a number of petty zamindars whose land is sc.attered 
in diffei ent parts of the village, .so that any arrangement for general 
betterment by consent is practii^ally impossible. It is obvious, 
therefore, that progress in this direcdion (iould only be made with 
the aid of special legislation. 

The natural obstacles being what they arc it is essential to .show 
that, the economic benefits to bo derived from re-striping are such 
as to justify the necessary measures. It may be noted, however, 
in passing, that the present situation is largely the result of legis- 
lation undertaken within the last fifty years, "^rhe whole of the 
Indian land tenure system is based on the assumption that 
all land is the property of the state, 'rhe present 8\'sf em of 
landlords, Avith the pri\'ate ownership of land, is a (iomparatively 
recent creation following on British rule and based on English 
analogies. Introduced as it was to save the agriculture of the 
country from the evils of the system of farming out blocks of land 
to contractors for the collection of revenue, it has largely justified 
itself, and the same may be said to be true of the tenancy laws which 
were introduced to further protect the tenant. It is only natural, 
however, that legislation introduced to meet pressing politii'al needs 
should fail to take account of the effect on subsequent economics 
development. Should it be found that the tenancy laws in their 
present form are creating a iicav evil by checking economic dcA'elop- 
ment a strong case for their further modification would exist. 

The present scattering of parts of a holding in different parts 
of the village, which is perhaps one of the first things which strikes 
the student accustomed to the compact farms of the Avest, is largely 
a result of the existing scheme of village life. Instead of each tenant 
residing on his holding it is usual to find all living in a central hasii, 
even if it involves journeys of two or three miles for himself and 
his cattle. The system is wasteful of labour and cattle power and 
also of manure but has certain advantages. It doubtless arose when 
the mutual protection of life and property was more essential than 
at present, but it is unlikely that the present social organization 
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will be greatly distiubed in the near future, tliougli signs are 
not wanting of a steady tendency to form smaller sub- villages nearer 
to the fields. While it is doubtless of some advantage to the indi- 
vidual tenant to have his holding spread over the different classes of 
available land, the system suffers from the disadvantage that there 
is less encouragement for a (uiltivator to concentrate attention on 
handling one class of soil adequately. Were this, however, the 
only point to be gained by the re-alignment of holdings one would 
be inclined to allow it to come about. gra<lually as the result of 
(Oianging social and economic conditions. 

The greatest disadvantage of the present system, however, is 
that it prevents any tract of land from being treated as a whole and 
general measures taken for its imyjrovement. The greatest limiting 
factor in Indian agriculture is undoubtedly the water-supply, and 
it is extremely difficult to take steps to improve existing conditions 
with the present system of holdings. In canal-irrigated tracts the 
area irrigated is almost invariably much less than the area 
commanded by the canal. The main great irrigation sources of 
the ProviiUM* have alrea<ly been harnessed and further development 
must either take the form of bett(‘r economy in the use of the 
existing sources or the exploitation of schemes involving greater 
working cost and often higher capital expenditure and, theiefore, 
more expensive water. It. is commonly accepted that, from 
the great canals only about one-third of the water reaches the 
field, and that while some margin exists for the reduction of the 
amount of water actually ajiplied the main losses occur in the canal 
channels and in the subsidiary village channels -which share the 
loss fairly equalh^ The prevention of loss by seepage from canal 
channels is beyond the s('0])e of the present paper, but it may be 
noted in passing that any radical measures in this direction must 
involve additional (capital outlay and, therefore, either a rise in the 
canal rates or better utilization of the water. The loss in village 
channels is to a great extent avoidable. At present the village 
water courses follow field boundaries and are consequently unneces- 
sarily long and tortuous and often undesirably aligned as regards 
levels. While steady improvement in this direction is being effected 
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through the influence of irrigation officers many of the worst cases 
cannot be touched. Nor is the situation appreciably better in 
tracts which depend on wells for their irrigation. The channels 
from these also are often unnecessarily long and devious, and the 
scattered ownership of the small fields often puts obstacles in the 
way of the (instruction of much needed wells. With more compact 
and better aligned holdings there would be a greater incentive to 
the construction of larger wells (or of tube wells) enabling a larger 
area to be irrigated with less labour. Recent experiments seem to 
indicate that there is a great future for the employment of oil 
engines and pumps both on the best masonry wells and on tube 
wells, but with holdings in their present form, economic.al distri- 
bution of the water is difficult and in many cases so many small 
interests are involved that it would be difficult to meet them all- 

It would be easy to cite many other instances of indirect dis- 
advantages for which irregular field boundaries are responsible. c.(/., 
the absence of decent roadways to give access to the fields, 
difficulties as regards threshing floors and the carriage of produce and 
manure, but it is sufficient to say here that they all share one feature, 
viz., that, except in the case of works undertaken by Government, 
armed with the powers of the Land Acquisition Act, progress is 
almost impossible under present conditions. 

It is now proposed to consider the effect of present conditions 
on the actual cultivation of the land. The maintenani’.e of correct 
levels in a field during all processes of cultivation is recognized in 
most (xmntries as one of the essentia's of good farming. In the 
Gangetic jilain, with an exceptionally easily worked soil, the results 
of carelessness in this direction are not so readily noticeable, but, 
on the other hand, the nature of the climate — characterized by 
heavy falls of rain confined to certain periods of the year and that 
(in the case of cold weather crops) not the growing season — makes 
the conservation of rain-water and its correct distribution on the 
land of vital importance. It being almost impossible to correctly 
plough a small irregular field, it is not surprising that most culti- 
vators’ fields show bad patches which are frequently due to nothing 
more than faulty levels. The lower patches are water-logged during 
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the monsoon while the higher patches dry out too quickly in the 
cold weather. Even the best cultivators’ fields are frequently 
saucer-shaped, with the result that there is water-logging in the 
centre and consequently a poor crop. When any form of iron 
plough is used to improve the general cultivation, the dilfirnilties 
arc accentuated as the deeper and more thorough tlie cultivation, 
the greater the necessity for the maintejianc.e of <;orrect levels. 
Sinqile as it may seem, there are few agricultural officers who have 
not been confronted with this cause of loss of yield at some time or 
another. The explatiation as to why even comparatively slight 
and temporary local water-logging causes serious loss is probably 
to be found in the fa'd: that successful cultivation in the plains of 
India largely depends on the maintenance of a suitable enviromnent 
for nitrogen-fixing and nitrifying organisms during the monsoon 
period. Local water-logging during the monsoon, producing tempo- 
rarily anaerobic, conditions, causes a loss of available nitrogen and 
hence a diminished croj). The cxi)eriinents carried out by Mr. and 
Mrs. Howard at Pusa show that not only does the wheat crop on 
water-logged land yield far less than on pi ()])erly <lrained lan<l, but 
that the result can be partially remedietl -but at additional co.st — 
by the application of nitrates, (jcnerally it may be .said that the 
present small and irregular fields common in many parts of this 
province seriously militate against the ade([uate conservation of soil 
moisture and the maintenance of fertility and, therefore, cause direct 
loss of produce. Further, they discourage the introduction of the 
more expensive improved ploughs and (uiltivating implements as it is 
difficult to work these to advantage in small irregular fields, 
whereas if the fields were ilecently aligneil there is reason to believe 
that joint ownership of such implements would be practicable. 

In no direction, however, is the need for the re-striping of hold- 
ings more clearly seen than in the problems of checking erosion and 
effecting adequate drainage. The question has been fully dealt with 
by Howard* so that it is sufficient here to deal with its main aspects 
only. We are so accustomed to think of the plains of India as fiat 

I Howard, A. Soil Rroaion and Siirfaw UraiiiaKe. BitUelm No. 33 of the Agneidturat 
Mt$mrch Inditute^ Pnm* 
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that we are apt to overlook irregularities which, small as they are 
compared to the hill systems of other countries, are sufficient to be 
of a great importance in a country of heavy rainfall. As is pointed 
out by Howard comparatively gentle slopes are sufficient to allow 
large quantities of the finer particles to be removed from the higher 
lands to the lower with the resrdt that the pliysical texture of both 
deteriorates. The liigh lands are annually denuded of their finer 
particles and the fertility and moisture-retaining capacity adversely 
affected. The low lands, constantly receiving the run-off from the 
high, are annually receiving unneedeil additions of fine silt thus 
becoming heavier and less workable and in addition receive an 
excess of water preventing adequate cultivation in tlie rains and 
causing a direct loss of fertility. Figures are published in the 
Cawnpore Farm Report for 1915 which show' that the introduction 
of suitable catcdi drains on an area of this type has made it possible 
to raise a normal good <'roj) of wheat on land that a few years ago 
had to be thrown out of wheat cultivation on ac.count of the w'ater- 
logging that took place in the rains. On a larger scale the recently 
opened Kalianpur Farm provide.s an example of a piec.e of land, 
previously only barely (adturable, which has been converted into 
a good farm by proper terracing and correct laying out ; the caj)ital 
■ value of the land, as judged by its yielding capacity, has treble<l 
in about 5 years. Operations of this nature, how'ever. require 
control over a considerable area, (fiven this control it w'ould not 
be ilifficult, nor unduly expensive, after a proper survey to lay out 
most villages wdth proper drains and banks t<j stop erosion and 
prevent w'ater-logging of the low' areas, providing suitable roads, 
footpaths and proper irrigation channels. At Kalianpur indeed it 
was found possible to make the channels serve the double purpose 
of catch drains and irrigation channels. Under present conditions, 
however, it is impossible to carry out alterations of this kind unless 
the land is the property of Government or, in rare cases, of a single 
individual. 

Finally, in the case of one croj) at least, the present lay-out of 
the average village hampers econonii(! development and prevents 
the cultivator from getting a fair price for his produce. There are 
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many tracts in this province where the grower would willingly sell 
his sugarcane to a factory at prices more favourable to the factory 
than obtainable in most cane-growing countries. But the small 
scattered holdings often make the transport problem insuperable 
although sufficient (;ane is already grown within a reasonable radius 
and more would be grown if a factory could be started. As a 
result the cane grown is not economically utilized and extension 
of cane cultivation is checkeil. In the writer’s opinion the present 
tenancy system has » great deal to do with the comparative shyness 
of capital for enterprises of this nature. 

It is realized that drastic legislation such as would be necessary 
to permit of the re-striping of holdings requires a strong public 
opinion to support it, and it is, therefore, suggested that the first 
step would be to acqiiire a tew villages in different parts of the 
Proviiu^e, carry out the iieces.sary alteration, and re-let the new 
holdings to tlie original tenants as nearly as possible. An object 
lesson of this kind would soon convince the land-owning classes of 
the nectl for general measures and, pending legislation, some of them 
might be able to assist in carrying out partial .schemes in their own 
jtroperty. 

If any e.xcuse is needed for bringing before a science congress 
a matter of ])urely economic inq)ortance it .seems sufficient to say 
that the existing land tenure sy.'itejn of this l’roviiu;e imposes a 
limiting factor on the application of .scientifu' method to agricul- 
tural improvement. 



SCIENTIFIC METHODS IN AGRICULTURAL 
EXPERIMENTS. 

RY 

A. a DOBBS, 

Deputy Director of Agriculture^ Bihar and Orissa, 


Having had occasion recently to collate the results of a large 
number of field experiments conducted throughout India and having 
had some difficult}’’ in drawing anything but vague general conclu- 
sions from them, it occurred to the writer that a plea for more 
scientific planning and execution of such experiments might not be 
out of place. 

The Rothamsted experiments seem to have been taken perhaps 
too much as a model on which experiments in India should be planned 
rather tlian as supplying a basis of information to be utilized in 
devising experiments more particularly suited to Indian conditions. 

The information provided by the Rothamsted experiments 
is of two kinds, relating, firstly, to the reaction of the Rothamsted 
soil, and of the crops grown there to different manurial applications, 
and, secondly, to the wider subject of field experiments generally. 

Little need be said about the first of these aspects except as 
regards certain limitations to the direct application of the results 
to conditions other than those under which the experimente were 
tried. 

These results have proved that the application of manures 
containing nitrogen and the elements found in plant ashes, in 
quantities of the order of magnitude in which these elements are 
removed in crops, has a marked influence direct or indirect on the 
production of crops. 
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They have shown also that by a continued application of a 
manure (•omplete in all but one of the important ash elements, tlie 
productive capacity even of laud that contains enormous reserves 
of that one cletnent may, by the removal of the crops grown, be 
reduced, in a comparatively small nuhiber of years, to very much 
below normal. And they Iiave shown how rapidly nitrogen may 
be accumulated by the giowth of leguminous crops, ])rovided that 
a moderate supply of these ash elements in a soluble condition is 
maintained. 

But while a foundation for local investigations has thus been 
provided, in the principle of supplementing the weakest links in the 
chain of chemical elements on which fertility depends, by a supply of 
the deficient elements in a soluble form, no attempt has been made 
at Ilothamsted even to illustrate by local example, the solution of 
what must always be a local economic problem —that of adapting 
agricultural practi(;e so as economically lo extract from the insoluble 
re8erve.s in the soil, and maintain in a lelatively available form, 
suflicaent propeutions of the principal elements required by crops. 

The cropping of Rothamsted has been ])urposely exhaustive, 
and matnires have been freely supplied from outside ; no attempt 
has been mad<* to make the most economical use of the reserves of 
plant food existing in the .soil, the full utilization of which must 
alwii,ys be, in greater or less degree, an object of i‘.gri(ndtural 
practice. 

The importance of this point is shown by the rapidity with 
which the available potash was exhausted at Rothamsted, on a 
plot which received a manure containing all the other essential 
elements of plant food ; and this, although the soil when (completely 
broken down by hydrofluoric acid, was found to contain over 

per cent, of potash. Mr. Taylor at Sabour has similarly found 
over 6 per cent, of potash (over 8 tons, per inch depth, per acre) in 
a soil from Ranchi -where, nevertheless, ashes form one of the 
chief manures. 

Now India is a poor country, and cultivators (cannot afford 
to import over the long distances into the interior, any great quantity 
of heavy manures ; or to use, as manure, what might otherwise be 



42 


AGRICULTCRAL JOURNAL OF INDIA 


fed to cattle ; while on the other hand the relatively rapid weathering 
and denudation due to climatic extremes brings within reach of 
the surface every year, a relatively large quantity of fresh subsoil 
for exploitation by plants. 

Looking tlii’ough a large number of experiments it appears that 
while much labour has been spent on testing the commoner 
(iommercial manures, comparatively little has been spent on 
attempting to get the most out of the soil by particular study of its 
coiLstitution and l eaction to special treatment. 

Moreover the special value of legumiiious crops as subjects for 
experiment under the conditions just describe<l, hardly seems to 
have been taken into account in designing e.xperiments in 
India. 

Another limitation, and possibly a v'cry important one, to the 
utility of the particular results obtained at Rothamsted in designing 
experiments in India, is the fact that chlorine and sulphur are 
supplied in excess of the demands of crops at Rothamsted by rain ; 
owing perhaps to the comparative proximity of the sea, aiul to the 
large consumption of coal in England, and to the even distribution 
of the rainfall. The writer is not aw'^are of any published figures 
relating to this point in India, but recent e‘.xperien<‘e at Ranchi of 
the very remarkable effect of small quantities (10 to 40 lb. per 
acre) of sulphur, and of gypsum, on groundnuts, indicates that 
sulphur at any rate may sometimes be a limiting factor on high- 
lying well drained soils in Teuiusular India w'hich are subject to 
leaching by heavy rainfall. Under such circumstances the use of 
sulphur or of gypsum on control plots, in experiments wdth sulphate 
of ammonia or superphosphate, is e.ssential if reliable information 
is to be obtained. 

But the intention of this paper is not so much to point out 
particular differences between English and Indian manurial problems 
as to indicate the necessity for independent scientific surveys of 
local requirements before planning experiments, and to suggest 
that the use of the classical experiments at Rothamsted to investi- 
gators elsewhere, lies rather in the lessons that have been drawn 
from them as regards agricultural experimental methods in 
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general than in the direct appli(;ation of the methods employed 
there. 

From this point of view the value of the Rothamsted experi 
ments lies in the numbei' and reliability of the statistics obtained. 

Examined in the light of statistical science these figures have 
demonstrated the very considerable magnitude of the ‘ experimental 
error ’ in field experiments conducted under the most favourable 
conditions ; and, though it is now some years since this was pointed 
out, there is little evidence that the lesson has been taken to heart 
in laying out field experiments in India. 

Hall in an article in the Joarml of the Board of Af/rimltare in 
August 19(19, (pioted an instance of tlie yield of two unmanured 
grass plots one of which gav'c, on the average of oO years results, 
10 per cent, more than the other ; but frecpiently gave over 30 
per cent., and on one (xa asion 90 ]>er cent, more ; and on two 
occasions over 20 |)ei cent. less. 

In a subsecpient paper in the Joarnal of Afiricaltaral Science, 
October 1911, Hall and .Mercer showed that the most careful methods 
of growing, harvesting and weighing ]»lots of mangolds and wheat, 
under apjiarently uniform conditions, gave results that were subject 
to ‘ probable errors ’ sulliciently great to make comparisons of the 
results from a single jiair of ])lots worthless for most purposes. 
Tliey recommended that, for practical jiurposes in any field 
experiment eac.h unit of comparison should be given five plots of 
one-fortieth of an acre each, systematically distributed within the 
experimental area. 

The authors attached considerable value to the scattering of 
plots throughout the area and showed that the shape of the plots 
had (as indeed would be expected) in itself, no appreciable effect 
in reducing the error. But in an appendix to their paper, one who 
signed himself ‘ Student ’ showed how considerably the error could 
be re<luced by having the plots foi- comparison relatively long, 
narrow, and alongside one another. By dividing squares into pairs 
of plots for comparison, less than tw’o-thirds of the area w'as required 
to obtain the same accuracy as by ramlom comparison in the case 
of roots, and in the case of wdieat, less than halt. 
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These results, depending cliiefly on avoidable or unavoidable 
physical differences between the plots, are, of course, not quautita- 
lively applicable to conditions other than those under which tliey 
were obtained. But the principle is of greater importance in pro- 
portion as the effective control of the experimental area is less, and 
is probably therefore more important under the conditions obtaining 
on most experimental farms in India than it is at Rothamsted 
where minor variations in the soil are less accentuated by extremes 
of rainfall or drought, and where the work was laid out on land 
carefidly selected for uniformity in the light of a previous known 
history. 

Yet on how many farms in India are even the five plots 
recommended by Hall and Mercer considered neciessary for each 
comparison ; and, where only two, or at most three plots are used, 
what results worth having can be obtained in the limited number 
of years ovei‘ which a consistent policy can usually be maintained ? 

.\cting on the principles that have been emphasized, the writer 
made an attempt during the last monsoon to throw some light on 
the manurial problems of Chota Nagpur, where immediate results 
were required to supply an exi.sting organization with material for 
piopaganda. 

The conditions were unfavourable, the farm at Ranchi was 
started in 3Iay 1915, the land being then uncultivated. The bhst 
land that could be selected was not by any means uniform, as it 
Avas intersected by low terraces and was being carted over by 
building contractors. Inequalities had to be ignored ; carting was 
stopped ; and six acres were divided by low ridges at right angles 
into 60 plots, each 40 links wide by 250 long. 

Analysis of the soil having shown a marked deficiency of lime 
and phosphoric acid, and only a trace of sulphur, it was decided to 
devote the whole 60 plots to quantitative tests of the effect on 
groundnuts of lime, sulphur, and bonemeal — ^the latter being used 
only because raw mineral phosphates were unobtainable owing to 
freight difficulties. The general scheme was based on the division 
of the area into series of plots for testing the different manures, 
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alone and in combination ; test and control plots being alternated 
throughout. In comparing the results, the weight of produce of 
each variant plot was compared with the sum of the weights from 
the control plots on either side of it. 

The details of the results, which will be publi.shed in the Farm 
report, are of no particular interest, except in the ease of sulphur, 
to which reference has already been made. 

The effect of sulphur was quite phenomenal and would have 
needed no duplication of plots for its detection, even when only 
10 lb. per acre (costing 12 annas) was applied. Slaked lime, in aU 
quantities up to 5,600 lb. per acre, was also markedly beneficial. 

But the general character of the results is best illustrated by 
those given by bonemeal. This manure gave a markedly increased 
yield in each of 5 plots to which it was applied without lime, but when 
applied in addition to 4,000 lb. of slaked lime per acre it gav^e a 
relatively much smaller increase in 6 out of 7 plots, and this increase 
had again to be discounted by a decrease of 20 per cent, on the 
seventh plot— a discrepancy clearly due to ‘ e.xperimental error,’ of 
the inqiortance of which in this ca.se it gives some idea. If the 
number of plots had been much smaller, either the significance of 
the resvdts might have been overlooked, or the discrepancies might 
have led to their rejection as inconclusive. As it is, conclusions 
have been drawn which, while showing weak points in the original 
plafi of the experiments, have both enabled immediate recommenda- 
tions to be made to cultivators, and have provided a solid basis on 
which to plan a new set of experiments for next year. 



THE IMPORTANCE OP SOIL VENTILATION ON 
THE ALLUVIUM. 


BY 

AJ.BERT HOWARD, C.I.E., M.A., 
Imperial Economic Botanist^ Pnsa, 


J. Introduction. 

Thk (loniinaiit factor in the internal economy of tlie Indian 
Empire is the monsoon. The well-being of the people, the commerce 
of tlie (iountry and the revenue collected by Gov'^ernment all depend 
on the amount and distribution of the summer rainfall. It is not 
surprising, therefore, to find that, the attention of the agricultural 
investigator in India tends to be concentrated on questions relating 
to the supply of water to crops. At the same time, the other factors 
on which yield depends are apt to be obscured and crop-jwoductioJi 
comes to be regarded almost entirely as a question of water-supply. 
After ten years' observation of the crops grown on the Indo-Gangeti(! 
alluvium, during which a good deal of first-hand experience in agri- 
culture has been obtained at Pusa in Bihar, at Lyallpur in the 
Punjab, and at Quetta in Baluchistan, the conclusion has been reached 
that a full supply of air in the soil is quite as important as a suffi- 
ciency of water. While air is a necessary raw material for the roots 
of plants wherever they may be grown, efficient soil ventilation is 
found in practice to be particularly difficult on alluvial soils like 
those met with over large areas of the plains of India. Alluvial 
soils, like those of the valleys of the Ganges and Indus, pack very 
readily and always run together on the surface after heavy rain 
forming a well-defined crust, well-known to any cultivator as the 
fajyri. Two chief factors are responsible for the ease with which 
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these soils t'orui siufaee crusts after light showers and lose their 
porosity altogether after long (•ontinued rain. In the first place, 
the soil particles are small in size and exhibit no very great range 
in diameter and, in the second place, much of the rain comes in 
heavy continuous torrents quite unlike anything experienced in 
temperate regions. 

Defective aeration of the soil, besides inteiiering with the 
respiration of the active cells of the root and of the soil bacteria, 
exercises a pi'ofound influence on the development of the root-system 
itself. Where the subsoil is wet and consolidated and gaseous 
interchange between the soil and the atmospheie has been checked, 
crops are found to dev^elop superfi<;ial roots only and arc then parti- 
cularly liable to the harmful effects of drought. To withstand any 
shortage of moisture, to make the most of the brief growing season 
and to ripen the crop before the ousel of the hot weather, the rool- 
systern of all rnbi crops must be deep. In the kharij, long continued 
and heavy rain, by destroying the porosity of the soil and by thus 
interfering with the air sujiply to the roots and to the soil organisms, 
leads to a wilted, poverty-stricken condition of the crops and to a 
diminished yield. Such e.xamples of damage to monsoon crops, 
caused by excessive rain interfering with aeration, were common 
in many parts of the United Ih’ovinces during the later phases of 
(he 1915 monsoon. 

11. SoMK Exa.mples of Soil Ventilation. 

Among the numerous instances observed of the effect of 
improved soil-ventilation on the growth of crops it will be sufficient 
to quote a few examples. 

1. The yellowing of pe(tch trees. As the summer progresses at 
Quetta, the foliage of many of the jieach trees alters in colour and 
changes first to light -green and finally to yellow. Premature leaf- 
iall then takes place and, by the end of August, many of the branches 
are almost bare of leaves. In addition to the yellowing of the 
foliage, two other symptoms manifest themselves. The wood gives 
off large quantities of gum and the ripening fruit is deficient in 
flavour. Peach trees affected in this way die out in two or three 
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year,s, the process taking place in stages by the death of one or two 
large branches at a time. Investigation of the trouble showed that 
this unhealthy condition was not caused by want of available 
nitrogen in the soil and was not a real disease of the nature of the 
‘‘ peach yellows ” of the United States. Buds taken from affected 
trees produced healthy plants and therefore the unhealthy condition 
was not transmitted in propagation. Yellowing was found to be 
reproduced at will, either by deep-planting or by over-irrigation. 
Any effeidive method of soil-aeration was found to transform affected 
trees into a healthy, vigorous condition in a single season. Yellowing 
and the premature death of the peaidi trees at Quetta was therefore 
found to be the result of defective aeration of the soil caused by 
excessive surface-flooding under arid conditions. The affected 
trees naturally carried a load of parasites such as scale insects and 
a (iertain number of fungi but with the resumption of healthy 
growth these pests gradually disappeared. 

2. Soil-aeration and green-tnanuring. The provision of some 
cheap form of organic matter is one of the great needs of Indian 
agriculture at the present time. As is well known, the amount of 
manure available is small due to the fact that most of the cow-dung 
is burnt as fuel and almost all the bhnsa is used for feeding cattle. As 
a rule, Indian soils are deficient in organic matter and the yield is 
limited by this factor. One theoretical method of making up the 
deficiency is by green-manuring but, in practice, difficulties arise. 
A considerable amount of attention has been paid to this subject 
in the Botanic al Area at. Pusa and the conditions neciessary for the 
suc(!ess of this operation have now been worked out. If a crop 
like sami [Crotalaria jmwea) is raised on the early monsoon rains 
and ploughed in during July, it is found that the texture of the soil 
is improved and, in a few cases on light land, the succeeding rabi 
crop benefits enormously by the addition of the organic matter 
left by the decay of the green crop. In the majority of Bihar soils, 
however, these results are not obtained and the rabi crops following 
green-manure are much worse tha^ those raised on ordinary 
fallowed land. As a rule, green-manuring leads to a diminished rabi 
crop although the process results in the addition of a considerable 
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amount of organic matter to the soil. After some years’ experiment, 
it was found that the factors on wliich success in green-manuring 
depends are connected with the air-supply in the soil. If the land 
is surface-drained and, if provision is made so that each field is 
protected from the run-off of other areas by a suitable arrangement 
of trenches, the effect of a green-manure crop is materially increased. 
If, in addition, the land is subsoiled to a depth of twelve inches 
before the mhi crops are sown, still better results are obtained. 
When broken tiles (fJiikra), at the rate of about .'50 tons to the acre, 
are mixed witli tire upper six inches of soil, the results are exceedingly 
striking and a maximum crop can easily be obtained by green-manur- 
ing alone. 

The simplest explanation of these results appears to be connected 
with the part played by air in the soil. The soil is usually regarded 
as a mass of small particles, arranged in various ways a(,cording 
to the degree of consolidation, with free spaces between these bodies 
known (iolleotively as the poie-spac-e. Surrounding the solid 
partii'les are films of water of various thicknesses while the rest of 
the pore-space is taken up by the soil-air. The proportion of the 
pore-space filled by watei' and air naturally varies with the general 
wetness or dryness of the soil. The closeness of packing of the 
solid particles varies greatly, after a crop is sown, as a result of 
consolidation by irrigation water or rain. In the water films round 
the particles, there is intense biological activity. Mumerous bacteria 
are rapidly reproducing themselves while the root-hairs of the crop 
are competing with these soil organisms for water anrl inorganic 
food materials. All the protoplasm of these organisms is actively 
respiring and, in consequence, there is, in the Avat^jr films round the 
particles, a keen struggle for oxygen and a great development of 
carbon dioxide. Under such circumstances, it is easy to understand 
how it is that analyses of the general soil-air often show a 
high proportion of carbon dioxide and a comparatively low percent- 
age of oxygen. We must now consider what is likely to happen 
if this normal struggle for dissolved oxygen in the soil between the 
roots of the plant and the soil organisms is complicated by the sudden 
addition of a green crop like sanai. In the first place, the growth 
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of the green crop itself will naturally lead to a considerable pollution 
of the soil atmosphere by carbon dioxide. As soon as it is ploughed 
in, decay begins and an enormous quantity of oxygen is used up in 
the process which is by no means complete when the sowing time 
of a raU crop comes round. The partly decayed organic matter 
adds a new competitor in the struggle for oxygen. It is easy to 
understand how the remains of the green crop might easily use up 
the oxygen in the pore-spaces and load the soil atmosphere with 
carbon dioxide to such an extent as to poison the air dissolved in 
the water films. Oxygen starvation and carbonic acid poisoning 
would affect the plant and growth would be checked. If we improve 
the aeration by drainage and by adding thikra, the decay of the 
green crop would be hastened and the air-supply of the soil during 
the succeeding raU crop would be increased to such an extent that 
oxygen would no longer be a limiting factor . 

The nodides of leguminous plants. The copious aeration of 
the soil in which leguminous crops are grown is perhaps more im. 
portant than in any other class of cultivated plants. These crops 
require nitrogen for their nodules as well as oxygen for the respi- 
ration of the roots themselves. Once these facts are realized, 
it is easy to understand the distribution of leguminous crops 
in India and the agricultural processes in vogue in their 
cultivation. 

The distribution of the gram crop closely follows the occurrence 
of well-aerated soils. It is only grown under irrigation where the 
soil is particularly porous or where there is a well-drained and well- 
aerated subsoil as occurs in many parts of the Bombay Presidency. 
If an attempt is made to grow this plant in stiff, heavy land, such as 
the low-lying loams of North Bihar, the result is disastrous. The 
plants only form roots near the surface and Hardly any nodules are 
produced. The yield is scarcely more than the seed sown. Similar 
results are obtained under canal irrigation in the stiff loams in the 
Canal Colonies of the Punjab and other tracts of India. Heavy rains 
during the cold weather often destroy this crop simply by forming 
impervious surface-crusts and cutting off the supply of air to the 
nodules and roots, 
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In the growth of mhar {Cajanus indicm) in those tracts of India 
where the monsoon rainfall is heavy, the best results are obtained 
by digging the soil between the plants after the monsoon. Heavy 
rains consolidate the fine alluvium and the digging is necessary to 
restore aeration. In a similar manner, the Java indigo crop will 
only form seed in Bihar when the copious aeration of the roots is 
provided for. The slightest interference with the air-supply soon 
makes itself manifest by leaf-fall and by the shedding of flowers 
without setting seed. 

III. The Matubation oe Crops. 

Besides its influence on the actual growth of crops, the provision 
of an abundant air-supply appears to be bound up with the 
ripening processes and with the development of quality. 

In the case of the wheat crop, the best grown samples are 
always produced in tracts like the Meerut Division of the United 
Provinces or on the black soils of Central India, where the soils are 
naturally highly porous. In Bihar, Oudh, and in parts of the Punjab, 
where the natural porosity is not so great, the grain is always much 
thinner in appearance particularly in years when the rainfall is 
heavy during the ripening period. Unless the wheat roots get 
plenty of air during the process of maturation, the sample is always 
relatively poor. 

'Anyone who has studied the peach tree and has attempted to 
grow this fruit to perfection must have been impressed by the difference 
in quality of the same variety when the peach is grown on soils a 
little heavier than the normal. As is well-known, the peach thrives 
best on open soils and is particularly sensitive to any form of water- 
logging. Some years ago, the Botanical Section at Pusa achieved a 
local reputation on account of the excellence of the peaches grown 
there. The varieties were only country kinds but they were grown 
on high land containing a fair proportion of broken tiles (thikra). 
The soil was thus highly porous and the roots obtained abundance 
of air. The quality of the fruit was excellent compared with the 
produce of similar trees on land close by a little heavier in texture 
which contained no thikra. 
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In the growth of vegetables and flowers, some of the soils of 
Luoknow are famous. The best produce is raised under irrigation 
on the highly-manured sands near the banks of the Gumti. The 
soils in themselves are poor but, when properly manured and watered* 
their porosity is so great that surface-flooding causes little or no 
damage to its texture. The roots of the vegetables and flowers 
thus obtain abundant air and grow to perfection. The vegetables 
have excellent taste while the flowers easily form a quantity of 
good seed. Here again the development of quality seems to be 
closely associated with soil-aeration. 

A similar result is seen in tobacco growing in Bihar. The best 
tobacco is gi’own on high, light lands which have been manured with 
indigo seeth. The mahajans pay more for such produce and several 
of the indigo factories have a reputation for their tobacco. Seeth 
is undoubtedly a most efficient aerating agent and all the experience 
obtained at Pusa in the growth of the tobacco crop points to the 
supreme importance of soil-aeration in the ripening of this crop. 
Once more, quality appears to be closely bound up with the venti- 
lation of the soil which again appears to be of supreme importance 
in the process of maturation. 



THE DYEING VALUES OF SOME INDIGENOUS 

DYE-STUFFS.* 


BY 

J. P. 8RIVA8TAVA, M. Sc. Tech., Assoc. M.S.T,, 
7'echnolot/ical Chemist, Caijvnpore. 


I. 

Natural dye-stuifs are perhaps not as bad as they hav'e come 
to be regarded since their displacement by coal-tar colours. India 
boasted of a comparatively well developed art. of dyeing in the 
earliest stages of the historic period. The ancient Indian dyer 
could dye some very good colours with the help of colouring matters 
derived from the natural and mineral kingdoms. Some of these 
colours were fast in every sense of the word and answered all the 
requirements of the people for whom they were intended. This 
points to the possibility of valuable colouring matters lying unknown 
or forgotten in the forests and jungles of this country. 

A large number of woods containing red and yellow colouring 
matters are still used even in Europe but all these are obtained 
from America. There are undoubtedly similar woods in this country 
but so far no systematic investigation seems to have been 
made. 

If America can find a market for so many dye-stuff extracts 
made from woods and other natural products, surely we with our 
vast, varied, and plentiful natural resources ought to have little 


• Of the two papers printed here only the second was contributed to the Indisn Science 
Congress, The first was published by the Board of Industries, United Provinces, before the 
Congress was held. It has, however, been reprinted here as the second paper is in continuation 
of it. 
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difficulty in finding out and placing on the market eimilar 
products. 

This question is of special importance at the present moment. 
The stoppage of the supply of German dye-stuffs has caused grave 
inconvenience in all colour-using industries. If Indian dye-stuffs 
had not been entirely discarded the distress would not have been 
so acute. At least some part of the world’s requirements would 
have been met by the dye-stuffs indigenous to this country. 

Colouring matters are widely disseminated in the vegetable 
kingdom. Some one has said that any one who wishes to spin, dye 
and weave his own raw material at his own fireside need not go 
far afield for his colouring matters. 

Such is indeed the case in a great many places where cottage 
industries still flourish. In Donegal, famous for its homespun 
tweeds, the colouring matters used are still mostly derived from 
lichens and roots. The colouring matters of Donegal possess great 
fastness and beauty and their methods of application are alike 
novel and interesting. 

1 visited Donegal in Decembei’ 1909 and submitted to the 
Secretary of State for India a report on the subject of the cottage 
industries of the congested districts of Ireland. I have alluded 
in this report to the processes of dyeing used in Donegal. 

The following investigation into the dyeing values of certain 
natural colouring matters still used by native dyers was undertaken 
under the orders of the Director of Industries, United Provinces. 

The colouring matters were tried on wool and cotton by some 
of the more important methods of modern dyeing. 

Tlie methods employed were as follows - 

A. On Wool. 

(tt) Dyed in an infusion of the colouring matter without the 
addition of any chemical or assistant to the dye-bath. 

(6) Dyed in an infusion of the colouring matter with the 
addition of 4 per cent, acetic acid. 

(c) Dyed as in (b) and after-treated in the same bath with 
2 per cent, potassium bichromate. 
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{d) Dyed in an infusion of the colouring matter on wool which 
had been previously mordanted with bichrome and oxaUc acid. 

(e) Dyed in an infusion of the colouring matter on wool which 
had been previously mordanted with aluminium sulphate and 
tartar. 

B. On Cotton. 

The cotton was steeped overnight in a decoction of myra- 
bolans, next morning it was taken out, squeezed and without 
washing worked in fresh baths containing the following ; — 

{a) Tartar emetic. 

(6) Stannous chloride. 

(c) Alum. 

(d) Ferrous sulphate. 

Generally speaking all the dye-stuffs described hereafter gave 
t he most brilliant l esults on stannous chloride ; tartar emetic and 
idura coming after that. Ferrous sulphate, as might be expected, 
dyed grey to black shades. 

The inquiry has so far been prosecuted in regard to the following 
colouring matters : — 

(1) Harsinguab. {NydatUhes Arhor-tristis). 

The flowers of this tree contain a beautiful yellow colouring 
matter. The tree is found in abundance in the United Provinces 
and when in bloom yields large numbers of flowers which generally 
open at night and fall to the ground in the morning. The flowers 
are collected, dried, and afterwards sold to dyers. 

The colouring matter contained in the flowers is soluble in 
water, also in alcohol. An extract can therefore be easily made. 

Harsinghar gives brilliant yellow shades with all mordants on 
wool. On wool mordanted with bichrome and oxalic acid previous 
to dyeing a beautiful brown is obtained. The dyeings on wool 
possess good fastness to milling with soap and soda. 

(2) Tun. {Cedrelti Toona). 

This tree is said to occur largely in the sub-Himalayan forests. 
The colouring matter is contained in the flowers which are dried 
and sold. The principal constituent of the flowers is a yellow dye. 
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Tun dyes the best shade on wool in conjunction with mordsnt 
k{d). The dyeings on wool are, however, not very fast to milling 
with soap and soda. 

(3) Tesu OR Dhak. {Butea frondosa). 

This tree is found in abundance all over the United Provinces. 
The dye extracted from the flowers is still largely used by villagers 
for sprinkling on their persons as a mark of festivity at Holi festival, 
about which time the tree is in full bloom. The dried flowers are, 
however, available throughout the year. The flowers contain a 
yellow colouring matter. 

Tesu dyes on wool shades varying from brown to dull crimson 
according to the mordant used. 

The dyeings are fairly fast to milling. 

(4) Haldi or Turmeric. (Curemm longa). 

The plant whicli yields haW is grown all over the Uniterl 
Provinces. Haldi is a dried rhizome or tuber and is a well-known 
constituent of curry powder. It is largely used as a spice and can 
be had in any quantity in the bazar. Jt. contains a brilliant yellow 
colouring matter which however possesses the serious drawback of 
being changed into red by soap or by alkalis. 

The colouring principle of haldi is called curcumin ; it is 
sparingly soluble in cold water, more freely in hot water, and 
completely in alcohol. The use of turmeric paper in analytical 
chemistry is well known. Paper saturated, with a solution of 
turmeric is changed to a leddish brown colour by alkalis ; while 
its reaction with boric acid is still more characteristic. Turmeric 
paper on being moistened with boric acid and dried becomes 
brownish red which colour is changed to blue or green by caustic soda. 

On wool the best shade is obtained on chrome mordant A(i^). 
The fastness of the dyeings on wool is fair. 

(5) Arusa. {Adhatoda msica). 

The leaves of this plant yield a yellow colour. Ar^^8a is an 
ever-green plant and is found in the United Proyinoes. The 
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colouring matter in arusa is soluble in water and also in alcohol. 
The leaves contain a large amount of chlorophyl which is extracted 
along with the yellow colouring matter. The chlorophyl consider- 
ably dulls the dyeings obtained with arusa. The yellow dye was 
separated by adding water to an alcoholic extract of the leaves. 
The chlorophyl was thereby thrown out of solution and the yellow 
colouring principle was obtained in the filtrate. This gave much 
better results in dyeing. On wool the best shade is obtained on 
chrome mordant A(d). The fastness of the dyeings on wool is fair. 

(6) Naspal or Pomeoranatk Rind. {Puuica (frambm). 

This plant is well known for its fruit. The rind of the fruit 

contains a tanning substance and also a yellow colouring matter, 
the latter in much smaller quantity than the former. 

Pomegranate rind dyes very good shades varying from yellow 
to full brown on wool. All these possess very good fastness to 
milling. 

(7) Janoli nil ok wild Tndioo. (Tephrosia purpurea). 

This is a small wooily annual occuirring in abundance in the 
United Provinces It does not contain any substance yielding 
indigo and its name “ .fangli Nil ” is probably due to its similarity 
to the indigo plant. 

Clarke and Banerjee have examined the constituents of the 
leaves of this plant. They found in it a colouring principle allied 
to quercetin or quercitrin (vide Trans. Chem. Soc. 1910, V. 97). 
Owing to the difficulty of separating the yellow principle from the 
chlorophyl, efforts to obtain a pure yellow from Tephrosia have 
only been partly successful. The colouring matter is, however, 
of great value, as it yields dyeings which are comparatively fast to 
liglit, washing, and milling. The yellow principle was separated 
by extracting the dry leaves with alcohol, diluting the extract with 
water, and washing away the chlorophyl with petrol. The purified 
colouring matter gave excellent shades of yellow- in conjunction 
with various mordants. On account of the abundance of the plant 
it may be worth while devising a suitable process for extracting 
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the yellow colouring principle. It would no doubt be very welcome 
wherever fustic and quercitron bark are still in use. A decoction 
of the leaves of Tephrosia dyes wool mostly dull brown shades in 
conjunction with the various mordants, the most brilliant shade 
being that on tin mordant. The dyeings, however, possess very 
good fastness to milling. 

(8) Sappi-owbr or Kusum. (Carthamus tindorim). 

The dried flowers of safflower plant contain a colouring matter 
which before the introduction of coal-tar colours was highly prized 
all over the world. It produces on cotton beautiful shades of red 
varying from a full crimson to the most delicate pink. Safflower 
is rather an intere.sting material. It contains two distinct colouring 
matters, viz. (1) a yellow soluble in water which is by far the larger 
constituent, and (2) a red which only occurs in small quantities but is, 
nevertheless, the more valuable of the two. The separation of tlie 
two colouring matters is thus effected. The florets are macerated 
w'ith water which extracts the yellow colouring matter. When the 
maceration is complete and yellow' colouring matter is no longer 
extracted, the florets are mixed with a dilute solution of carbonate 
of soda tmUi) which extracts the pink colouring matter. 

Tlie cotton is w'orked in this solution in the cold for a short time. 
The bath is then acidulated with tartaric acid and the cotton worked 
in it for a short while whereby the pink colour makes its appearance. 
Native dyers use lemon juice for acidulating. The action is siniilar 
to that of tartaric acid. Silk may be dyed similarly but safflower 
is not suited to dyeing wool. 

Although the yellow colouring jnatter in safflower is generally 
regarded as useless, Hubner has shown that certain mummy cloths 
which he examined had been dyed with safflower yellow (vide 
Journal oj the Manchester School of Technology, ,Vol. 3, page 359). 
He found that these cloths contained appreciable amounts of mag- 
nesium sulphate, and his experiments proved that an addition of 
magnesium sulphate helped cotton previously mordanted with iron 
to take up the yellow dye pretty well and the shades obtained 
were similar to those of the mummy cloths. The Egyptians 



t>TBIMG VALtTES Ot SOME iNbiaENODS DTE-STUEinS 


59 


were therefore acquainted with the right way of using safflower 
yellow. 

Strange as it may appear, safflower yellow does not dye cotton 
in conjunction with aluniiniutn and tin mordants. 

Wool, however, possesses affinity for the yellow colour and 
may be dyed direct. 

(9) Majith. {Rubia cordijolia). 

The root and twigs of this plant contain a dye-stuff identical 
with madder. MajUh was largely used in this country before the 
advent of synthetic alizarine. Its cultivation has now, it seems, 
entirely gone out. It is at present greatly in demand all over India, 
but enquiries made so far have shown that it cannot be had in 
quantities large enough to meet the demand for it. It is 
undoubtedly one of the most valuable indigenous dye-stuffs. With 
its help red, maroon, and bordeaux shades of excellent fastness to 
light can be dyed on all fibres. It is the basis of a great many 
colours required by the calico-printers. The Farrukhabad calico- 
printers were at one time large users of this dye-stuff and would be 
glad to go back to it if supplies were forthcoming. Majith, as 
might be expected, dyes very fast shades oii both wool and cotton. 
The best results on cotton are obtained by using the Turkey Red 
process. 

(10) CuTCH OR Katha. (Acacia aUcehu). 

The catechu tree is found in several parts of India. An extract 
made by boiling the wood in water is still largely used in dyeing. 
Catechu is exported to Europe for use in dyeing and tanning. 
Catechu may be applied to all fibres, though it is most largely used 
for dyeing cotton. The usual method of dyeing cotton consists in 
boiling the goods with an extract of catechu with the addition of 
copper sulphate, the weight of the copper, salt being 10 per cent, of the 
weight of the colouring matter. The goods are squeezed, allowed 
to stand for a .short, time, and then boiled in a fresh hot bath 
containing 2 per cent, bichromate of potash, washed and dried. 
Catechu brown is one of the fastest colours known. 
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(11) Patang or Sappan Wood. — {Ccesalpinia sappan). 

This tree is said to grow abundantly in Cuttack and in Central 
India. It is a variety of the so-called Brazil wood which was once 
upon a time very largely used in dyeing in Europe. The colouring 
principle, hrazilein, exists in a colourless condition in the freshly 
cut wood and is by oxidation converted into the true colouring 
matter hrazilein. The wood is similar in its composition to logwood. 
The oxidation of the colouring matter is carried out by a process 
of “ ageing ” in exactly the same Avay as logwood. 

Patang is a valuable colour-yielding material. It can be used 
for producing brilliant shades of retl, (uimson, and purple and is 
very suitable for calico-printing. 

(12) Lac dye. 

This substance is of animal origin. It is the product of a small 
insect called Coccus lacca which lives on the twigs of certain trees 
such as peepul and her. The incrustation produced by these insects 
on the twigs of the trees consists of (1) resinous matter, (2) colouring 
matter. The colouring matter is dissolved out by means of water 
or a weak alkali, the resin being left behind. The latter on melting 
and straining through canvas cloth coirstitutes shellm. The 
colouring matter is precipitated from its solution by Jtieans of alum 
and is afterwards pressed into cakes and sent out either for export 
or for sale locally. 

Lac dye is manufactured largely in these provinces, though like 
other natural products it has lost much of its former importance 
Lac dye is dyed on wool, chiefly on tin mordant. It yields beautiful 
scarlet and crimson shades. 

(13) Indigo. 

A description of this is perhaps unnecessary here. Its use 
and importance are too well known to be drawn attention to in this 
paper. 

Conclusion. 

In the scope of this report it has been only possible to allude 
briefly to the dyeing values and properties of the various colouring 
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matters examined. Exhaustive trials have already been made 
with all the above dye-stuffs in conjunction with various mordants 
on both wool and cotton. The dyeings obtained in each case have 
been tested for fastness to light, washing, and milling. All these 
samples are being shown at the Exhibition of German, and Austrian 
Goods now open at the Upper India Chamber of Commerce, 
Cawnpore. 

These samples have already attracted the attention of users of 
dye-stuffs who have visited the exhibition, and enquiries respecting 
them have been reiieived from one or two places. 

Surprising as it may^ appear at first sight, India’s natural 
resources are capable of supplying dye-stuffs required for producing 
any colour. 

The thirteen dye-stuffs described above will enable a clever dyer 
to produce almost any colour. 

We have in the. list dye-stuffs yielding yellows, olives, browns^ 
kliakis, slates, greys, blacks, reds, scarlets, pinks, and blues. Suifiible 
(mmbinations of these colours will give us almost any shade. 

The fastness of many of these dye-stuffs is not so bad as one is 
often led to believe. 

It must, however, be admitted that most of these dye-.stuffs are 
not available to-day in large quantities and the prices are conse- 
quently prohibitive. 

Haldi, CHtch, safflower, lac dye, and indigo are commercial 
products and may be had in fairly large (juantities. Tun, lesu, 
arusa, and Tephrosia occur wild and arrangements may easily be made 
for collecting them. Harsinghar and are not exactly wild 

products and so their collection will necessitate special arrange- 
ments being made. 

Majith and sappanwood are perhaps the most difficult to get 
at and so far as we have been able to gather their cultivation has 
practically gone out, but an enquiry into the matter is still proceeding. 

A systematic study of the properties and methods of application 
of these dye-stuffs would no doubt bring to light many valuable 
facts which would make the dye-stuffs more popular with the^ 
dyer. 
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There is every likelihood of a great many more colouring 
matters being found in the forests of India but this wordd be a 
matter for the Forest Department to deal with. 

11 

The examination of indigenous dye materials has been continued 
in the Technical Laboratory at Cawnpore. A communication on 
this subject has already been made to Government. Since then 
some additional dye materials have been examined and the following 
is a brief account of their properties and methods of application 
in dyeing. 

(1) Kaohnar — (Bauhinia ra’Cemosa). 

This is a shrub very common in these provinces. The bark 
yields a red dye which is largely associated with tannin. The dye 
is not very bright but nevertheless it may be employed for dyeing 
dull reds on c.otton. It may be dyed on cotton without the help 
of any mordant. Cotton seems to have an affinity for it. Faster 
results are obtained on alumina or tin mordant. Kachnar bark 
is said to be used m Burma for obtaining a dull black colour on 
cotton. For this purpose the cotton is dyed dii-ect in an infusion 
of the bark and is then worked in mud whereby the dull red colour 
is chatrged into a black {tride note by the Conservator of Forests, 
Eastern Circle, Burma, 1896 ). The bark can be had in any quantity, 
and may be of service to tent manufacturers who require a dull 
red colour for the inside of tents. 

(2) Pebpul — {Fictis rdigiosa). 

The roots of this well-known plant were examined and found 
to contain a red dye which gives a good pink on cotton mordanted 
with alumina. The shade so obtained is fairly fast. 

(3) Red Sanderswood — {Pterocarpus santalinm). 

This is a small tree occurring in Southern India. The wood 
yields a valuable red dye. It was largely used in dyeing before 
the advent of synthetic colours. The dye principle is called santalin. 
It was prepared in the laboratory in an impure state from an ethereal 
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infusion of the wood. The crystals deposited from the ethereal 
solution were further purified by washing them well with water, 
redissolving in alcohol, and precipitating with lead acetate. The 
precipitate was- well washed with boiling alcohol and decomposed 
with sulphuric acid in the presence of alcohol, on removing the lead 
sulphate and concentrating the solution pure crystals of santaliu 
were obtained. They melted at 103-105°C. (un-corr.) 

Sanderswood dyes wool without any mordant. Very good 
shades of satisfactory fa.stnes8 are obtained on cotton on tin and 
alumina mordants. The dye does not dissolve in water though 
it is freely soluble in alcohol, ether, and acetic acid. 

(4) lloLi OR Kamela Powder — {Malleus philippimmis). 

This dye is obtained from a small tree found along the foot 
of the Himalayas and in Southern India. The fruits have red 
glands on the surface of the capsule and the powder is obtained 
by crushing or breaking up these glands. Kamela used to be largely 
employed for dyeing silk. It gives a beautiful yellow on silk 
mordanted with alumina. The shade obtained compares favourably 
with that dyed with chrysophenine. The dyeing must be done in 
an alkaline bath. 


(5) Akhrot — {Juglam regia). 

The bark yields a valuable brown dye. It is of special 
importance for wool at the pi’esent moment because it yields on 
this fibre a fast shade which may easily be modified to a khaki. 
A great many dye trials were made and as a result of these the 
following conclusions were arrived at : — 

(а) The deepest shade is obtained by dyeing with an addition 

of 3 per cent, acetic acid to the dye-bath. The 
fastness to light is, however, poor in this case. 

(б) Fairly full shades were obtained on chrome-oxalic 

acid mordant or by the after chroming process. 
Both these give dyeings of excellent fastness to light 
and milling . The poorest results both as regards 
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depth of shade and fastness to light and . milling 
were obtained when the dyeing was carried out with an 
addition of 15 per cent. Glauber’s salt to the dye-bath. 

(0) Kathal. (Ariocarpus iniegrifolw). 

The wood yields a yellow dye which may be dyed on cot1.on 
on alumina mordant. The shades obtained are good and fast. 

(7) Barberry. {Rnswat). 

The bark, roots, and stem of this plant are rich in a very good 
yellow dye. This plant is plentiful in the Kumaun Hills. The 
aqueous infusion of the bark and stem is used as a medicine for 
ophthalmia and is highly prized as such. The dye principle of 
barberry is berberine which is an alkaloid containing nitrogen. 
Berberine was prepared in a state of purity from barberry by adding 
alcohol to the aqueous extract whereby all foreign matter was 
precipitated. On concentrating the filtrate crystals of barberine 
were obtained which were purified by reiuystallisation from 
water. 

Raswat is used chiefly as a dye for silk. It was dyed on cotton 
mordanted with alumina but dull shades were obtained. This was 
perhaps due to the presence of chlorophyl in the preparation which 
came from Naini Tal. 


( 8 ) Rhm cotinus. 

The wood of this plant yields a dye similar to young Fustic. 
On cotton mordanted with alumina an orange yellow colour was 
obtained ; with tin an orange red was obtained. The dyeings are, 
however, not fast to alkalis and soap. 



THE AQUATIC WEEDS OF THE GODAVARI AND 
PRAVARA CANALS OF THE BOMBAY PRESI- 
DBNCY~A PROBLEM IN APPLIED ECOLOGY. 

BY 

W. BURNS, D. Sc., 

Economic Boianut to ih^ Government of Bombay, 


In 1915 the author was invited to examine and report on the 
weed growth in the Godavari and Pravara Canals of the Bombay 
Presidency, since this growth had in some places become so great 
a.s seriously to impede the flow of the water. The Godavari canals 
were accordingly examined from their pick-up weir at Madmeshwar 
lake to mile 31 on the Left Bank Canal and mile 49 on the Right 
Bank Canal. Similarly the Pravara Right Bank Canal was 
examined from its head-works for 18 miles. The Pravara Left 
Bank Canal, being still under construction, was not examined. 

The weeds discovered were the following : — 

(1) PoUimogelo u perfolmtm, him\. 

(2) Potamog^n pectiiuxtm, Linn. 

(3) VftUisneria spiralis, Linn. 

(4) Hydrilla vertidUata, Casp. 

(5) Naias (?) species. 

(6) An alga, resembling Oedogonium. 

With the exception of the alga, the weeds mentioned are plants 
rooted in the soil, with their shoots rising into the water to various 
heights. Potamogeton perfoliatm (Plate VI), is the most serious pest, 
an^the impeding of the flow in the canals is due to it. This plant 
has it 'keeping rhizome, two to four inches below ground, from the 
nodes df which slender adventitious roots penetrate deeper into the 
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soil. The growth of this rhizome appears to be monopodial. 
The stems arising from its nodes may be of great length. One 
taken at random from Madmeshwar lake measured 12j feet from 
root to tip, the branches and leaves being confined to the top 2 
feet. In the 49th mile of the Godavari Right Bank Canal, in water 
10 feet deep, two stems taken at random measured 12 and 10 feet 
respectively with branches and leaves on the terminal 1^ feet. It 
is unnecessary to give a detailed botanical description of the plant, 
but points of ecological interest must be considered. Among these, 
the reproduction of the plant is of the first importance. As 
already mentioned, the creeping stem forces its way through the 
soil, sending up new above-ground stems. Reproduction by fruits 
appears to take place freely. In the Madmeshwar lake many plants 
of P. perfoliatm were in flower or fruit. The small compact spikes 
stand about one inch above the water. The method’ of pollination 
is by wind, and judging from the copious formation of fruits, 
conditions are favourable. Some of the fruits fall off from the spike 
and float for a time, and it may be that the whole spike also becomes 
detached, but this has not yet been observed by the writer. The 
fruits are 1 mm. x 2 mm. x 2 mm., ovate and pointed in shape, and 
very thick coated. Fig. 1 shows a cross section of such a fruit with 
floating and protective tissues. The lengt.h of time that these 
fruits float and the factors affecting it have not yet been determined. 
This point is important, especially in the present case, where the 
regulators of the pick-up weir are so arranged as to draw off the 
surface water only. 

It is probable that the Godavari canals have been infected 
from the Madmeshwar lake by the drifting down of these floating 
fruits. Leaving this point for the moment let us see if there is any 
discoverable reason for the extraordinary prevalence of Potamogeton 
p&rfoliatm in the said lake. The weir which is the cause of the 
formation of the lake was completed a few years ago. After its 
completion, a considerable area of previously dry land was submerged 
and one village had to be vacated. In the first year after the 
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completion of the weir no weeds were observed in the lake. The 
exact date of their appearance is doubtful. It is possible that fruits 
of Potamogeton perfoliatm from plants in higher pools of the Godavari 
drifted down into the lake. The newly submerged land would be, 
as far as aquatic plants were concerned, a denuded area, and invasion 
would be easy. It is interesting to note that the portions of the 
lake occupied by weeds correspond roughly to the recently sub- 
merged areas, while the beds of the Godavari and Kadwa rivers, 
running through the lake, are clear of weeds. At the same time 
there are clear patches of water close to weedy areas which cannot 
be thus easily accounted for. It may be that at such points the 
substratum is not suitable for the growth of the rhizome. 

The freedom of the river beds from weeds is probably due 
to the greater depth, and possibly to the greater opacity of the 
water. The influence of the Godavari is felt more in the Right 
Bank Canal and, if the water reaching that canal is coming unusually 
directly from the river channel, then the water is more muddy and 
at the same time more free of floating fruits of P. perfoliat/us. Such 
a direct flow appears to have occurred in 1915, weed growth in the 
Right Bank Canal having been considerably retarded during Sep- 
tember and October, although other conditions appeared normal. 

The weed grows in water from 1 foot to 20 feet deep. This 
latter figure is not the maximum depth at which it can grow, but is 
merely a deep sounding taken casually in a weed area in the 
Madmeshwar lake. Scott Elliot’ reports Potamogeton at 26 feet 
in Bruyant, France. 

Variations of turbidity or velocity of water seem to have little 
effect on the distribution of the weed. The leaves occurring on the 
last 2 feet of the stem are always just below the surface and hence 
get plenty of light even if the water be muddy. The weed was 
found in water of all velocities from zero to 4 feet per second and 
thrives equally well in them all. 

It is a curious circumstance that the weed occmred also here 
and there in borrow-pits beside the canal but having no direct 
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connection therewith. There are three possible explanations of 
the infection of these borrow pits. The fruits may have been carried 

(1) on the feet and feathers or in the stomachs of aquatic birds, or 

(2) in mud on the feet of cattle, or (3) they may have come from 
bunches of the weed piled on the banks at the time of cleaning of 
the canals. The fruits may then have been washed or blown 
down into the pits. 

Complete closure of the canal for a prolonged period would 
doubtless kill the weed, but there is so much land under perennial 
irrigation from the canal that a prolonged closure is impossible. 
A closure which is sufficient to kill the exposed stems does not 
affect the under-ground rhizomes, which begin growth when water is 
once again let down the canal. 

The vegetative growth of the weed is considerable from 
November to February and is at its maximum during December and 
January, just after its fruiting period in November. During the hot 
weather the vegetative growth diminishes, and is more or less 
dormant during the rains. In this respect, this aquatic weed forms 
a remarkable contrast to most of the laud vegetation of its 
neighbourhood. 

It is possible that the fall in temperature during the rains is 
the factor that checks weed growth. The factor of extra silt and 
consequently greater opacity of the water must also be taken into 
account. Only experimental evidence, however, can determine 
which of these factors is the more important. 

Any methods for controlling this weed must, as far as these 
observations go, aim at (1) the prevention of fruit formation in the 
Madmeshwar lake so as to avoid further infection of the canals ; 
(2) the repeated cutting or dredging by suitable apparatus of the 
weed in the lake to prevent its further spread therein ; (3) the 
extirpation of the rhizomes of the plants now established in the canal. 
Means to attain these three ends are being considered. 

Of the other weeds, Hydtilla, Nairn (?) and VaUismria were 
found in Madmeshwar lake completely submerged and out of sight 
in 4 feet of water. None of them were in fruit. They occurred 
at various points in the canals but were not serious pests. 
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Potamogdon pectinatm was found in flower at three points in 
the canal. It was found also in the lake. On account of its linear 
leaves, it does not hold up the water in the same way as Potamogdon 
perfolialm. Potamogdon pectinatm has peculiar vegetative repro- 
ductive bodies not mentioned by Hooker, Cooke, or Woodrow, but 
briefly referred to by Continental writers.* These bodies are 
small rhizomes consisting of closely packed tubers ; each tuber 
having on one side a shoot ready to start into growth, and on the 
other a slender internode connecting it with the next tuber. Small 
chains of these tubers were found both floating in the water and 
buried in the soil of the canal. The author was absolutely ignorant 
of their relationships until he grew one experimentally and got 
from it an unmistakable plant of Potamogdon pectinatm. Fig. 2 
on p. 66 shows the plant produced. The germinating of such 
resting-bodies at this season tallies with the cycle of growth 
already noticed in which the monsoon is the resting season for 
.such aquatic plants. 

In the Pravara Right Bank Canal the weeds were much fewer, 
and the head-works, which is comparatively small, showed only one 
specimen of Potamogdon peotinatm and no Potamogdon perfoliatm. 
The latter is, however, found in the canal and the infecting fruits 
doubtless come from higher up the river. 

The whole question of the control of the weeds of these canals 
constitutes a most interesting problem in applied ecology. 

Addendum. 

Since the above paper was written for the Indian Science 
Congress, further collection of weeds from the Madmeshwar lake, 
and observation of specimens grown in tubs have brought to light 
the fact that the floating stems have the power of producing rooted 
branches adventitiously. It is likely that these branches later on - 
fall off or are detached by the decay of the parent branch. This 
discovery makes the task of eradication of the weeds even more 


< Englcr and Prantl, Natiiriichen Pflanzenfamilien IX Tail, I Abtoiling p* 195 
Handwdrterbuoh der naturwiesenaohaften, X Band, 519* 
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difficult since it will be necessary not only to prevent fruit formation, 
but to check the drifting down of these rooted and detached 
branches. 

Fruits sown under water in November 1916, germinated in 
March 1916. 

The artificial conditions in the tubs induced flowering after 
four months. 

It appears also that there are probably three varieties of 
Potamogeton perfoliatm in the lake. Specimens of these are now 
being grown to determine if they are genetically distinct. 



IRRITABILITY OF THE BLADDERS IN 
UTRICULARIA. 


BY 

T. EKAMBARAM, M.A.. LX, 
Teachers* College^ Madras, 


A SPECIES of Utricular ia very near ftexuosa is a free floating 
insectivorous plant (foiind in a tank in Madras). The leaves are 
finely dissected. The bladders that entrap insects hang by short 
stalks from the axes of the leaves (Plate VII, fig. 1). They are oval 
in shape and are broader in one direction than the other. The mouth 
of the bladder is horse-shoe shaped, with the bend of the horse-shoe 
posterior and the base anterior. The mouth is surrounded by a 
ridge which is produced at the two ends of the base of the horse-shoe 
into two stout projections from which branched hairs start. These 
hairs are referred to by Darwin as the antenna?. Except along the 
base of the horse-shoe the ridge is fringed with long pointed hairs 
(Plate VII, fig. 2, and Plate VIII, fig. 1). 

The valve or trap-door of the bladder is attached to the inner 
and lower margin of the ridge all along the base of the horse-shoe 
and to a very short extent along the sides. In the living condition 
the valve is not flat as is commonly supposed but is transversely 
convex and dome -shaped when looked from above. The apex of the 
dome lies very near the bend of the horse-shoe so that the curve of 
the arch rises very gradually from the base up to very near the bend 
of the horse-shoe and then has a sharp fall (Plate VIII, fig. 2). From 
the apex of the dome start six or eight long pointed hairs arranged 
in two sets with a short space between. The hairs stretch towards 
the base projecting slightly upward and are nearly as long as the 
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Fig. i . Utrioaiaria Sp., very near U. Jlexuo$a. 

Fig.' 2. Single bladder enlarged. Horse-shoe shaped ridge or 
“ eolhir ” miBd the oxmtb, prodoeed into two branched 
. hairs called the aninaaie ” and surrounded with simple 
hairs. The shaded portioa on the valve near the base of 
tlm horse-shoe shows the position of a large number of 
secretory hahrs. The sis irritable hairs on the valve are 
seen jwinting towards the antennss. 








TLATE VIII.’ 


Fig. I. Sur&ce view of the mouth with tb« valve. For explanatiou 
rdhr plate VII, fig. 2. The hairs aorrouading the collar 
tire omitted. 

• * 

Fig. 2. ■ Hedian JioDgitadinal secUoD, showing : the teouth closed up 
by the valve. Hie free margin of the valve presses against 
the collar from below. The irritable hair is shown’ on the 
valve; " . • ’ 




Fig- 
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valve. The portion of the upper surface of the valve nearest the 
base of the mouth is densely clothed with club-shaped liairs which 
are glandular and secretory. The valve has a thin margin wlrich 
goes below the ridge of the mouth all round and is tightly pressed 
against it. 

Darwin has shown that small crustaceans and otlier auimalculijo 
are found inside these bladders and tliat, since they cannot escape 
once they are caught, tliey die and decay. The decayed animal 
matter is absorbed by peculiar quadritid hairs, found on the innei' 
surfaces of the walls of the bladders. 

My attention was drawn to a peculiar behaviour of this plant* 
when 1 was distributing specimens to my class for studying the 
structure of the bladders. As the specimens were lifted out of 
water to be placed in smaller dishes, they made light crackling 
sounds resembling the tiih's of a watch. The .sounds wen* 
unaccountable by anything 1 knew of the .structure of the different 
parts of the plant. After a series of observations, they were located 
as coming from the bladdej s. The state of the bladders before and 
after lifting the plants out of water, gave the <due. When the 
plants had been allowed to remain quiet for two or three days in 
water, among the full grown bladders nearly 25 per c.ent. were found 
to be half filled with air and half with water. Nearly 50 per cent, 
were found to be completely filled with water and in .some of these, 
the small organisms entrapped may be .seen. The rest were nearly 
empty, wdth the walls (dosely adpressed again.st each other, so that 
there was v^y little cavity inside, and the bladder as a whole 
was biconcave. 

The first two kinds of bladders with the Avails con\'ex anil 
with the cavity inside filled Avith water or water and air, I Avill 
designate as “ full." Tlic last Avith its Avails concaA'^e and with 
very little cavity, I Avill call ‘‘ hungry." In every case the valve or 
trap-door, was tightly pressed up against tlie rim of the mouth. 
When the plants Avere lifted up and replaced in water, there 
Avere very few hungry bladders left aiul in their places were now 
found some completely filled with water and others Avith Avater 
and air. There was no change in the full bladders. From this it 
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was inferred that the hungry bladders, when they were disturbed 
and came in contact probably with the leaf segments or other parts 
of the plant, opened out and let in water or water and air. Hence 
1 suspected that the bladders were irritable and that the valve was 
very likely not simply a passive elastic door to be pushed in as 
Darwin supposed by an unwary or inquisitive animalcule, but an 
active trap-door which helped the bladder to forcibly suck in its 
prey. 

As to the manner by which the animalcules make their way into 
the bladders, Darwin says “ Animals enter the bladder by bending 
inwards the posterior free edge of the valve which from being highly 
elastic shuts again instantly. As the edge is extremely thin and 
fits closely against the edge of the collar, it would evidently be veiy 
difficult for the animal to get out when once imprisoned and 
apparently they never do escape. As 1 felt much difficulty in 
understanding how such minute and weak animals as are often 
captured, could for(?e their way into the bladders, 1 tried many 
experiments to ascertain how this was effected. The free margin of 
the valve bends so easily that no resistance is felt when a needle or 
thin bristle is inserted. A thin human hair fixed to a handle and cut 
off so as to project barely i of an inch entered with some difficulty, 
a longer piece yielded. On tliree occasions, minute particles of blue 
glass (so as to be easily distinguished) were placed on valves while 
under water and on trying gently to move them with a needle, they 
disappeared so suddenly, that not seeing what had happened, I 
thought I had flirted them off ; b\it on examining the bladders they 
wore found safely enclosed. The same thing occurred to my son who 
placed little cubes of green boxwood on some walls and thrice in 
the act of placing them on or whilst gently moving them to another 
spot, the valve suddenly opened and they were engulfed. He then 
placed similar bits of wood on other valves and moved them about 
for some time and they did not enter.” “ To ascertain whether 
the valves were endowed with irritability, the surfaces of several 
were scratched with a needle or brushed with a fine camel-hair 
brush so as to imitate the crawling movements of small crustaceans, 
but the valve did not open. We may, therefore, conclude that the 
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animals enter merely by forcing tlieir way through the slit-like 
orifice, their heads serving as a wedge.” “ But,” says Darwin, 
” 1 am surprised that such small weak animals should be strong 
enough to act in this manuei', seeing that it was difficult to push in 
one end of a bit of hair | of an inch long.” Darwin evidently came 
to the above conclusion quite half-heartedly and lie missed the 
correct solution by a hair’s breadth. 

I will first corroborate Darwin’s idea that it is unlikely that 
such small and weak animals should be sti'ong enough to enter 
the bladdeis by pushing in the valve, ami then try to explain 
the mystery of the particles of blue glass and boxwood. 1 tried 
to get an idea of the pressure the valve was able to withstand 
before it yielded and was pushed in. For t his purpose, 1 used a 
spring whifdx was fixed to a stand by one end. To its other end a 
piece of cork, with a small metal cup on its top and a needle stuck 
in at the bottom, was attached, so that, the blunt end of the 
needle hung free. Below this was placed a Ziess s hand microtome 
which has a flat circular top, with a hole in the centre, through 
whi(;h the blo(d<-holder can he moved up and down by a micrometer 
screw. A bladder was cut axnoss and the u])per hall, with the 
valve, was made to rest on its cut end, inside a narrow glass ring 
fixed to a slide. The ring was filled with watei' so that, the cut 
bladder was immer.sed in water. The slide was placed on the 
microtome and slowly raised until the free end of the Jieedle lested 
on the valve just touching it. Care was taken to see that, the end 
of the needle did not come in contact with the ridge surrounding 
the mouth. The orifice was big enough to admit the end of the 
needle freely. Hand grains were now added to the metal cup until 
the lid just gave way. The weight of the sand grains which was 
270 mg. gave an approximate idea of the pressure that, the lid was 
able to withstand. This is likely not accurate, as here, the weight 
of the sand grains included not only the upward pressure of the 
valve, but also the weight necessary for the extension of the spring 
To avoid it, as 1 thought, the action of the spring was reversed in 
this manner. The weight ne(Jessajy for stretching the spring to a 
known distance was first calculated and then in the stretched 
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condition tlic needle was made to rest on the valve. Now tlie 
valve was gradually raised until it gave way. The distance to 
which the spring was raised to effect this, was made out and from it 
the w'eight supported by the valve was calculated. The weight thus 
got was 250 mg. 

Now, let us consider the pi'essure the organisms can exert on 
the valve. Though it was not possible to get an accurate estimate, 
the following considei-ations, I expect, will give an approximate 
idea of the pushing for ce of the crustaceans and others, found inside 
the bladders. Tire force, that these organisms can exert, can be 
derived in three ways : first ly, their weight ; secondly, the momen- 
tum with which they dash against the valv'e ; and thirdly, the activity 
of their- own muscles or any other st r iictures corr esponding to them. 

The first factor, namely the weight, is (piite negligible, since 
it will be greatly or fully counteracted by the buoyancy of water. 
.\s regartls the second source, namely the momentum, the habit of 
these organisms, wlien tliey approach tin; bladders, is of gr-eat 
interest. 1 Jiave spent a long tinre watching for the suction of the 
animals into tlie bladders. Whenever an animal appioacdied a 
bladder, its quick motion W)t.s stopped and it went round as if it were 
br-ousing along in search of food and in no case was ther-e an aimless 
or unwitting impact with the valve. Dar win says “ It is difficult 
to conjecture what can attract so many creatures, animal and 
vegetable feedirtg crustai-eans, worms, and various larvae to enter 
the bladders. Per-haps small aquatic animals habitually enter- very 
small (-revices like that between the collar and the valve, in search 
of food or pr-otection.’' My observations lead me to believe, though 
1 am not yet in a position to prove definitely, that the attraction 
for these anirrtals lies in the .secretion of the clubheaded hairs found 
profusely near the base of the horse-shoe on the valve. tSince the 
animals when they are near the bladder move about very slowly, 
t he second sour-(ie of ener-gy is also not of any consequence. The 
thii-d soui-ce, that of muscular power-, is hard to get at and can only 
be guessed ; but a dift’er ent consideration will, I think, put this source 
out of court. The distribution and direction of the long-pointed 
hairs round the ridge are such that entrance into the horse-shoe is 
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easy only tlirough an arch formed by the antenna' or the very long 
branched hairs at tlie base of the hoise-slioe. Xow if an animal 
enters through this arch, it will necessarily come against the sharp 
points of the hairs which stretch from the a])ex of the valve towards 
this entrance. So it apy>ears impossible for the animal to get at 
the edge of the valve and ])ush it in. The above considerations, 

I hope, show that the pre.senee of Ihe animals inside the bladders 
<;annot be due to their pushing their way in. 

To see whcthei' t he suspicion that the bladders were irritable 
had any basis, the following experiments were done. First 1 selected 
some of the “ hungry ” bladders and irritated with a needle the 
different parts of the ridge, round the mouth and the valve. When 
the hairs at the apex of the dome of the valve, were irritated, the 
adpressed sides shot out suddenly with a shai]) e.xplosive sound and 
the bladder got filled with water or air. I repeated tlii.s over and 
over again, so as to assure myself that 1 did not really push the 
valve in, but only irritated the hairs, and in the case of every hungry 
bladdei- tlu' same reaction followed. Xo reaction occurred when any 
other parts of the region were irritated, so that 1 was able to assure 
myself that these jiarticular hairs were the irritable hairs. Then I 
wanted to see whether similar conditions obtained when an animal 
was caught inside the bladder. It was found impossible to manoeuvre 
the organisms to the bladders and, though I observed for a long 
time, 1 was not able to see an organi.sm actually sucked in. But the 
critical question, whether a bladder is capable of sucking in the 
organisms if they irritate, the hairs on the valve, was settled by 
another means. Once a dead Hy, moie or less in a putrifying 
condition, was found floating on the water in one of the dishes. 
I took the front half of the fly at the tij) of a needle and irritated 
the hairs of a hungry bhufder with the head of the fly. To my joy. 
the whole object was immediately sucked in. This set at re.st mv 
doubts as regards the capacity of the bladders to suck the organ- 
isms in, as the biggest of the crustaceans found insifle were not 
more than ^ of the head of the fly in size. 

I wish to draw attention to the fact that the. above expeii- 
ments were done with the hungry bladders only. The full bladders 
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do not roa(!t to irritation. This explains the mystery of tlie dis- 
appearance of the partiides of blue glass and boxwood in some cases 
and not in others. I take it that the bladders that swallowed the 
particles were ‘ hungry ’ and those that did not were ‘ full.’ The 
same fa(;t also explains the negative results obtained by Darwin when 
he irritated the bladders, as nearly 75 per cent, of the bladders in 
a plant are in the ‘ full ’ condition and the ‘ hungry ’ bladders are 
generally very few. It may also be due to the fact that the reaction 
to irritation is extremely quick and easily escapes notice. 

A few words about the mode of action under irritation. Owing 
to the quickness of reaihion, it is impossible to observe directly 
the opening and closing of the valve. When the valve of a full or 
non-hungry bladder is pressed down with a needle as far as it could go, 
the irritable hairs project right in the centre of the opening. If an 
animal is sucked in when the valve is in this position, it should be 
either impaled on the hairs or the hairs should be broken. But 1 
could never believe, that in su(;h a deli(!ate meiihanism, this flaw 
could ever occur. The explanation was arrived at rather acciden- 
tally. In an idle mood I pre.s.sed out the contents of a full bladder 
with a pair of pincers. The contents came out through a slit 
formed by a portion of the margin of tlie valve being pushed out. 
When the pressure was relieved, the valve fell back quickly to its 
place and no water entered from outside ; but some air escaped from 
the intercellular spaces in the walls of the bladder and tilled up 
the cavity. Then, 1 once again pressed out all the air and over 
again when more air came in. When the air was driven out twice or 
thrice, the bladder assumed the hungry condition. When I irritated 
the hairs, it> reacted in the normal manner. I got very much 
interested and the whole operation was thrice repeated with the 
same bladder. The valve went in once again under irritation 
but never came back and the bladder was left wide open. When 
1 looked through the open mouth, I could not see the irritable hairs 
and the passage was perfectly clear. It was then that the proper 
position of the irritable hairs, when reacting to irritation, was 
shown. On examination, it was found that the convex valve had 
become concave and boat-shaped, and the hairs were found safely 
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laid at the bottom of the boat. Tbe orifice was fully open without 
any obstruction. (Plate IX, fig. 2.) 

The nature and arrangement of the cells that go to make up 
the valve, the irritable hairs, and the ridge are very interesting. 
Their relation to the functions performed is under investigation. 



MODELS TO ILLUSTRATE SEGREGATION AND 
COMBINATION OP MENDELIAN 
CHARACTERS. 


BV 

H M. CHTHBEH, M.A., 

Ai^fiutnnt IWoffiMor of Botany^ AyricnUnral Poona, 


It is not proposed in this paper to expound the principles of 
heredity discovered by Mendel. My object is nierely to explain the 
working of models devised by me to demonstrate the behaviour 
of hereditary characters that conform with Mendel’s principles, as 
they are transmitted from one generation to another. 

I have takeit glass beads to represent the determiners of 
hereditary unit characters. A coloured bead is used to represent 
the determiner of a dominant character. A colourless bead of the 
same shape and size is used to stand for the corresponding recessive, 
if the presence and absence hypothesis of dominant and recessive 
characters is to be illustrated. A certain modification of the entire 
model is devised to illustrate the working of the determiners of 
heredity, wlien the recessive ones are supposed to have a definite 
existence. 

I have represented the idea of there being two determiners 
or a double dose of a dominant character in an individual by taking 
two coloiired beads which are in every way identical. The single 
dose condition is represented by two beads of the shape and size 
but only one of them is coloured while the other is colourless. The 
nil dose or recessive condition is represented by two uncoloured 
beads. The use of any beads whatever to represent recessive 
determiners when they are conceived to have no existence at all is 
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justified only on the score of (lonvenience aflforded in working the 
model. 

The idea of indivisibility of the determiners and their segre- 
gation in the sexual cells involves the reduction in the sexual cells 
of a double dose when it is present in an organism to a single dose, 
and the formation of two sorts of sexual cells in equal numbers one 
carrying a single dose and the other a nil dose when the organism 
itself has got only one dose. This implies the existence of .se.xual 
cells of only two types witli reference to a given determiner, one 
type carrying a single do.se of it and the other none of it. Thus 
there are three types of organi.sms represented by tlie (ionventional 
symbols A A, A. a, and a a, and called homozygous or pure dominant, 
heterozygous or livbrid <lominanl, and recessive whi(;h is always 
pure; but there are only tw'o types of sexual cells, viz., A and a. 
This fact is generally embodied ii\ the doctrine of purity of gametes. 
Segregation is commonly spoken of in .Memlelian literature, 
following Mendel's own conception of “ pairs (d’ differentiating 
characters and their mutual .separation iti the .se.xual cells ” as “ the 
dissociation of the allelomorphic or alternative characters in the 
constitution of the gametes.” or symbolically the separation of .\ a 
tiom each other. The .separation of A .\ and of a a (.Mendel 
c.onceivefi of a a not as an absenen' but as a })re.sence) also from each 
other w^as not noti(u'd by Mendel, and has also apparently escaped 
the attention of mo.st writers on .Mendelism. 'Phe cjunposition of 
different zygotes and of their gamete.^ w'ith reference to one charac.ter 
may be represented thus — 

Zyfj^otes A A A a a a 

(Gametes all A A and a all a 

in equal 
numbers » 

III my model which consists of n square frame work standing 
erect and carrying strings of beads the composition of the different 
types of organisms and of the gametes is shown by beads on different 
strings. The strings carrying the beads for gametes of one parent 
cross those of the other parent, and the composition of the resulting 
zygotes is shown by moving the beads to the points of intersection. 

F 
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TJie following diagram which deals with the consideration of one 
character only will render clearer what I have just stated. 



The beads in the top left-hand square represent the zygotes and those in the top 
rightdiand square the gametes produced by these zygotes. 


It may be further simplified as given below which requires only 
fourteen beads in all. 


AA__ I A 


aa 



AA 


When two characters are considered conjointly there would 
be nine (3", n being the number of characters considered as stated 
by Mendel), different forms of zygotes represented by the symbols 
AA BB, AA bb, aa BB, aa bb, AA Bb, Aa BB, Aa bb, aa Bb and 
Aa Bb, and there would be four (2*) different forms of gametes, viz., 
AB, Ab, aB and ab. 
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In the model the strings of heads representing the gametes 
should be in pairs, one string for the determiners of each cliaracter. 
Since there are four different forms of gametes tlieie should be four 
pairs of strings. The four vertical pairs would cross the four 
horizontal ones and thus there would be sixteen groups of crossing, 
each group consisting of four crossings. The formation of zygotes 
is represented in the central square by moving the requisite beads 
to the points of intersection. If it is desired to reproduce tlie 
conventional arrangement when demonstrating the effect of selling 
of AaBb or of crossing of a zygote AaBb with auotlier which is also 
AaBb, the four types of gametes on the four pairs of strings should be 
arranged in the order AB, Ab, aB and ab fiom left to right on the 
vertical stiings, or from above downwards on the horizontal strings. 

In the demonstration of the working of three characters taken 
conjointly, there w'ould be tw'enty-seven (.3*) possible forms of 
zygotes to be considered. These may be arranged as follows though 


other order would 

serve 

the purpose. 




Group 

I 

AA 

PB 

GO 







1 1 


AA 

BB 

oc 

AA 

bb 

C.V 

aa 

BB 

CC 

» » 

»» 

AA 

bl» 

cc 

aa ‘ 

BB 

oo 

aa 

})b 

CV 


t) 

aa 

bh 

CO 







( Troup 

II 

AA 

BB 

Go 

AA 

Bb 

cc 

Aa 

BB 

OC 

) t 

»> 

AA 

})b 

Cc 

HU 

Bb 

(V 

Aa 

BB 

CO 

** 

>1 

aa 

BB 

Cc 

AA 

BIi 

01! 

An 

bb 

cc 

„ 

, 

aa 

bb 

Cc 

Hfl 

B}» 

CO 

Aa 

})b 

C(! 

Group 

III 

AA 

Bb 

Cc 

Aa 

BB 

Co 

Aa 

Bb 

CC 


M 

aa 

Bb 

Cc 

Aa 

hh 

Co 

A a 

Bb 

CV 

Group 

IV 

Aa 

Bb 

Cc 








In the model, ABO arc represented by three kinds of beads 
which differ in colour, shape, and size, and abc by corresponding 
beads which are colourless. The twenty-seven genotypes fall into 
four groups according to their behaviour in breeding when selfed 
and I have assigned to each of them a separate corner in the model. 
In the first group there are eight genotypes which are quite constant. 
These are placed in the left-hand top corner. The second group 
which contains twelve forms includes genotypes in which one of the 
three characters will split. The third group of six forms (jontains 
two of the three characters splitting. The last group which contains 
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only one form has none of the characters constant. Tlie above 
grouping also brings out the frequency of the occurrence of different 
forms wlien Aa Bb Cc is selfed. The resulting combinations form 
a series of 64 in which the eight genotypes of the first group appear 
once only, the twelve genotypes of the second group appear twice 
only, the six types placed in the third group appear four times, and 
lastly, the single type in the fourth group appears eight times 
The following table makes this point clear : — 

8X1 8 

1-2x2 24 

0X4 24 

IXS 8 

64 

If it is desired to bring out the phenotypic composition as well, 
it may be done by adding eight squares to the model in any fashion 
whatever. I would suggest their provision in an oblong frame with 
eight compartments added to the model at the top of it. The 
twenty-seven genotypes may be arranged in eight phenotypic groups 
as follows : — 

1. Phenotype ABC having eight genotypes. 

A A BB cc 

AA BB Cc AA Bh CC Aa BB CC 

AA Bb Cc Aa BB Cc Aa Bb CC 

Aa Bb Cc 

2. Phenotype ABc liaving four genotypes. 

AA Bli cc AA Be cc Aa BB cc Aa Bb cc 

.3. Phenotype AbC having four genot 3 q)e 8 . 

A A bb CC A A bb Cc Aa bb CC Aa bb Cc 

4. Phenotype aBC having four genotypes. 

aa BB CC aa BB Cc aa Bb CC aa Bb Cc 

5. Phenotype Abo having two genot 3 rpes. 

AA bb cc Aa bb cc 

6. Phenotype aBc having two genot 5 q)es. 

na BB cc aa Bb cc 

7. Phenotype abC having two genotypes. 

aa bb CC aa bb C 

8. Phenot 3 rpe abc having one genotype. 

oa bb cc 
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So far I have dealt with simple factors. An effective demon- 
stration of complementary factors is obtained by using tiny bits of 
sponge dipped in appropriate chemical solutions instead of beads. 
Thus bits of sponge dipped in phenolphthalein and caustic potash 
solutions may be used to demonstrate the production of coloured 
flowers by crossing two white forms. Other phenomena of 
Mendelian inheritance such as cumulative factors, inhibitory factors 
and gametic coupling can as well be demonstrated on the same 
principles. 1 propose to deal with these in detail in a subsequent 
paper, as also with the modification required to be made when the 
recessive characters are supposed to be due to the presence of definite 
recessive detei iuiners. 



THE CORRELATION OE RAINFALL AND THE 
SUCCEEDING CROPS WITH SPECIAL 
REFERENCE TO THE PUNJAB * 


S. M. JACOB, I.C.S., 
Deputy Commissioner^ Kanial, 


hUroductory. In the first application of tlie method of 
correlation to the problem of the numerical measurement of the 
dependence of crops on rainfall in India, only the general effect of 
the whole summer and winter rainfalls on the autumn and spring 
harvests respectively was considered. In the present paper the 
effect of the distribution of rainfall in time is more specifically dealt 
with, and, too, tlie more important crops liave been treated 
separately ; both being very neciessary steps towards tlie complete 
determination of the character of the harvest from the antecedent 
rainfall. 

Increasing attention has been devoted of late years to attack 
on the same problem by similar methods in other countries, more 
particularly in America, and there has been obtained a sufficient 
number of high coefficients of correlation to encourage further 
investigation on the same lines, f 


* This paper is also published as a Heuioir of the Meteorological Department of the 
Government of India. 

t The more notable values obtained hitherto are : — 

(1) A double correlation coeflficient of +*80 of Spring rain and accumulated temperature 
with outturn of hdy from clover and rotation grass for Bastern England. Hooker.— 

Slot/, Stat. Soc\ 16-1*1907. 

(2) A total correlation cocfHcient of -f *73 between the rainfall of October to March and 

the uniiTigated matured area of the Spring harvest for the Sialkot district of the Punjab, and 
a double correlation cootlioiont of +*80 for similar data for the Delhi district. Memoirs 

of the Asiatic Society of Bengal ^ 3-2- 1909, {Cowtintied on page 87). 

•( S6 ) 
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The tract selected : Jullundur Tahsil. The tract I have dealt 
with is the Jullundur Tah&il of the Jullundur District situate in 
the Doaba between the rivers Beas and 8utlej. The area of the 
Tahsil is 428 square miles of which practically 390 are cultivated, 
and it is divided into three Assessment Circles, which are roughly 
homogeneous in respect of their soil, climate, and their courses df 
husbandry. There are no canals and as a rule very little flooding, 
so that the problem of rainfall effe(;t is not too complicated. But 
there is a very large number of wells, and during the la.st 30 years 
more wells have been steadily added to both the Dona Lehnda and 
Dona Charhda Circles, and this means that there is a (joncomitant 
diminution of unirrigated crops, for which i>,llowance has to be made 
in considering the variation in the areas sown each harvest on 
umrrigated land. Thus in the Dona Charhda Circle every fresh 
well sunk has meant that on the avei’age 2-2 acues cease to be classed 
as unirrigated for the purposes of the .Spring harvest. Of this 
diminution a loss of : - - 

0*66 uore.s per new well falle on iinirrifi^ated wheat sown, 

1*20 ,, ,, ,, ,, wheat and ^ram, 

0*18 ,, ,, ,, ,, p;rarn alone, 

and the balance of '16 acres on other crops. 


The countervailing go.iii in Spring irrigated (jrops- is however 
no less tlian an additional 7*4 acres for each additional weli, of which 
3*36 acres per well, or rather less than onedialf, has been an increase 
in wheat sowings. Before the correlation of the areas sown with 
the rainfall are worked out, the crude figures must in all cases be 
corrected by the appropriate fa(*4ors, these being slightly different 
for each of the three Assessment Circles. 

Distinction between the two problems — sown area attd yield. 
Two entirely distinct problems present themselves if wie propose 

(3) A correlation of —'69 between accumulated teinj-eraiure and potato yield Warren 
Smith.— S. Monthly Weather lUrwWf May 1911. 

(4) A correlation of -*70 between the effective rainfall of July 21 to August 20, and 
the yield in corn in Ohio. Warien Smith — r. S Monthly Weather ltevieu\ February 1914, 

(6) A correlation of *88 between rainfall and temperature in April to September 
and the yield of cotton in Texas. J. C, Kincer— 5. Monthly Weather Review, 
February 1915. 
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to forecast the amount of crop of any harvest, and these 
are : — 

(1) The determination of the area sown with each class of 

crop. 

(2) The determination of the percentage of the crop which 

is likely to (iome to maturity, or, in other words, the 
yield or outturn per unit of area. 

The first problem, which is, for not too great a cycle of years, 
in the main a problem of rainfall and temperature, is also an economic 
and psychological problem — })rices of seeds, scarcity of labour, 
population, mortality, the standard of livi?ig, the number of plough 

cattle, mechanical aids to cultivation, and political events all 

having contributory effects, '^’^et, unless the fluctuations in these 
subsidiary (sauses fire very violent, they will not fuask the first 
order eft'ecit of rfunfall, and the proper method istodetil with the large 
effects first, and then proceed to disentfingle the residual effects. 
This is the invariable scientific pratitice in those cases, for example 
in astronomy, in which we c.annot control the phenomena. 

The seciond problem, the determination of the yield of each 
crop per acre, is nuurh. less an euonomic problem than the })recediug 
one, especially in dealing with unirrigated crops which fuv not much 
manured oi‘ weeded, find is really ti joint problem of meteorology, 
subsoil physics, and jjlant biology. It is a statistical problem only 
on fi(;(!Ount of its (iomplexity ; find the more physical and biological 
laws (!an be applied to it, the smaller will be the residual 
iinexplfiinefl effects to whifih it will be necessary to apply statistical 
metluHls. 

Prkdiction of arkak sown. 

CorrckUioH of rainfall and aonm areas. I take first the problem 
of predicting the extent t>f sowings, ami give the total correlations 
of some only oi the crops which have been considered for each 
.Assessment Circle, namely, for chahi (well-irrigated) wheat, wheat 
and gram unirrigated, and all unirrigated crops together, for 
the Spring harvest bfised on the figures of the thirty years 
188 ( 5 - 1915 . 
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The correlat ions arc : — 


Chahi wheat 


■1 


Baraiii wheat am) 
gram. 

All Batani Spring? 
crops. 



July 

! 

August 

September | 

October 

Dona Lehnda 

-0-38 

-0*25 

o-oJ ! 


,, Chnrhda 
Sirwal ... 



-0-53 

0*34 


, -O'Ol 

-0-50 

-0*39 

Dona Lehnda 

(ri8 

021 

0*54 


,, Charhda 

' 

0 13 

054 

0 19 

, Sirwal ... 


016 

0*27 


1 

' Dona Lehnda 

0-2I 

0‘04 

0*37 


1 ,, Oharlida 

Sirwal 


017 

0*48 

0-33 


006 

0‘48 

... . 


'Pile .hily and Auf;ust coetlicients an^ in tlic nciglibourliood ot 
0'2(I witli < 1 . probalilc error of ± 012, or, on tlie , simple tlieory of 
probability, the odds in favour of these (jorielat ions being significant 
are 7 to 1. The simple theory, however, by no means gives a 
favourable enough estimate of the odds when we find coetticients 
of about the same magnitude re])eated again and again. In fact 
the repetition of the (H)rrelat ions for three different areas, supposing 
the sown areas in each case are unassociated except on the score of 
a more or less common rainfall, makes the odds nearly 350 to 1. So 
t hat I think that we may justly conclude that the (;orrelations with 
July and .Vugust rainfalls are significant. In any case it is highly 
l)robable that they are significant, as the rainfall in these months 
is a, true contributoiy cause of the autumn sowings of September, 
October, and November. 

The correlations of sown area with Scptendjer rain are in the 
neighbourhood of O'oO with a probable error of ± 0'09, so that the 
simple odds in favour of the significance of this correlation are. over 
80,000 to 1, so that this (ioctticient is undoubtedly significant. The 
frequency with which nearly the same value of the correlation is 
found for this and other districts of the Punjab makes the odds 
nuudi greater even than this. 

The correlations for October are on an average about 0'23 with 
a probable error of ± Od 1 , or the odds in favour of their significaiuie 
are 18 to 1. 

A further point of importance with regard to the correlation 
with September rain is that the odds are 9 to I against its being as 
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Jow as 0*325, and we are not likely to be wrong if we say that it lies 
between 0*4 and 0*6. For lower correlations we cannot predicate 
such narrow limits between which the correlation coefficient is 
likely to lie. 

The coefficients are the simple or so-called total correlation 
coefficients, but they do not represent the actual rainfall effect and" 
it is necessary to eliminate the error due to the fact that the rain- 
falls in the different months are themselves correlated, and so it is 
possible that the ai ea sowii is spuriously correlated with the August 
rainfall simply because it happens to depend on the September 
rain, which in its turn is correlated with the August rainfall. 

If the rainfalls in August, September, and October (July rainfall 
has been left out of account because of the doubt of the magnitude 
of its effect on autumn sowings) are positively correlated inter se, 
then this fact will have given a fictitiously high value to all the 
correlations ; but, if on the other hand, the rainfalls are negatively 
correlated among themselves, the true magnitude of the crop 
correlations will have been masked, and wo ma.y have considerably 
to increase the total .correlations previously found. This latter is 
a,Gtually the (iase. The coiieiations of the rainfalls are : 

August with September -0’37 

,, ,» October -0‘I0 

September with October - 0’13 


So that it is clear that the true or so-called net coefficients of 
coirelation are mai kedly , larger than the values previously 
stated. The valuation of the net coefficients of correlation is a 
somewhat laborious process, and for the Jullundur data I have 
limited myself to the two cases of greatest interest, namely, for well- 
irrigated wheat and for all unirrigated crops together. 

Prediction for Chahi wJieat. I take firstly the case of well- 
irrigated wheat in the Dona Charhda Circle for which the average 
area sown in the last 30 years is 19,100 acres, with a standard 
deviation of 4,080 acres or 21*3 per cent. The net correlations 
of the area sown each autumn are as follows : — 

With August rainfall -0*79 

M September „ -0*86 

n October -0*74 
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These average at about 0’8() with a probable error of ± 0’08, and 
the odds are thus over 20 to 1 against tlie coeffioients being as Ioav 
as — 0‘60 in absolute value, and nearly 200 to 1 against their being 
as low as ~ 0'5, so that we may say that these coefficients are almost 
certainly greater than 0‘6. 

From these correlations we determine the equation expressing 
the area sown with wheat on well-irrigated lands in teims of the 
rainfall departures from tlie mean, namely : - 

S' = 18,890 - 570 1). - 750 - 4,300 D,„ , 

where D„ is the departure of the rainfall of the /ttli montli from 
the average rainfall of the montli. 

The equation shows what an enormous effect rain in October 
has in causing the cultivator to abandon wlieat sowings on well- 
irrigated lands : in fact an inch of rain in October would throw out 
uearly 6 acres of well-irrigated wheat, as against one acre thrown 
out by an additional inch of rain in August. 

The equation must not, however, be interpreted to mean that 
every successive increment of rain will throw out further equal 
amounts of well-irrigated wheat, as the relation between the rainfall 
and the area sown is certainly not linear when we come to large 
departures from the average. All that we can assert from the 
equation is that rainfall of the quantity and distribution that fell 
during the years 1 885 — 1 91 4 in August, September, and October did , 
on the whole, have the effects noted. Of course in <‘/onsidering 
what effects rainfall in the different months has on well-wheat 
sowings we must remember that it is much more usual to have a 
departure of one inch of rain in August or September than in 
October, and properly to (iompare the effects of rainfall as it did 
occur in the last thirty years we must multiply the regression 
coefficients of each month by their respective average rainfalls. 
We find thus that actually the relative effects of August, 
September, and October rainfall were as 2:3:1, the reason for 
the low October effect being due to the fact that it is the exception 
to get rain in October at all. If it does fall it lias, as we have seen, 
a much greater effect than rainfall in the previous months in 
diminishing sowings of well-irrigated wheat. 
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When the appropriate correction for the number of weUs has 
been introduced the final formula of prediction for the sown area 
of ckahi wheat is : — 

S = 3 6(w-5640) + 26,910 - 670Ea-750Ky -4300R„, 
where R„ is the total rainfall in the nth month, and w is the number 
of wells in the Assessment Circle. 

The multiple coefficient of correlation of sown area and the 
‘ weighted ’ area is 0'89, so that the prediction formula, so far as a 
linear expression can give the relationship, is a good one. 

From this formula the sown area has been calculated for each 
year from 1885 — 1914 and the results are shown graphically in 
Diagram 1, which shows also the actual sown areas. 

The correspondence between the observed and calculated 
results is seen to be distinctly close. The probable error of the 
prediction is 0'67 x »i 234 = 1050, or 5'6 per cent, of the mean. 

Canstancy of other crops. A very important fact may here be 
referred to, namely, that if we group together all well-irrigated Spring 
crops excluding wheat, and wheat and gi'am and form a class of 
‘ other crops ’ which consists mainly of the fodder crop, senji, melon, 
tobacco, and other vegetables,* the sown area of this class after the 
correlation for numbers of wells has been applied is remarkably 
constant from year to year having a coefficient of variation of only 
5‘9 per cent, as against one of 2r9 per cent, for well-irrigated wheat, 
so that the prediction from an appropriate rainfall formula would 
have a probable error of about 2 per cent. only. 

Predktmt for all barani rabi crops. The next case treated 
is that of all unirrigated {barani) Spring crops taken together. 

The prediction of the sown areas of individual unirrigated crops 
is very desirable, but except for the principal crop, wheat and 
gram combined, the problem will require a finer analysis than by 
the total rainfall of the month. Thus the 30th of September is a 
critical time. If sowing conditions are faAmurable before that date, 
a great deal of giam is likely to be sown, but if suitable rain falls 
after that, gram is almost always combined with wheat. Wheat 

* Thi« group of crops consists of those grown lor local consumption of man and beast 
ami are very little affected by external supply and demand. 



Dona Charbda CHAHI WHEAT 
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in particular requires very favourable (jonditions if it is to be 
sown on barani land, and an examination of monthly rainfall docs, 
not sufl&ce to show the fluctuations in the area sown, which in all 
three parts of the Tahsil shows a steady fall from 1886 onwards 
with a minimum between 1900 and 1906 and a very marked rise 
in the last 10 years. 

The regularity of the change suggests a secular cause such as 
Dr. Shaw’s 1 1 years’ periodicity from wheat in England. At any 
rate the general trend of the data can be fitted with a smooth curve. 

Parabolas fitted by the method of least squares are fair repre- 
sentations, but w^ould certainly break down for extrapolation 
purposes. 

For the sown areas of all unirrigated Spring crops together the 
net correlation coefficients are : — 

With AugHHt rainfall — -f 0*57 
,, September „ = + 0*72 

,, October „ = + 0*59 

The combined coefficient of correlation is 0 77 so that fair 
prediction is to be anticipated. Taking the coefficients of the 
linear regression formula, and multiplying them by the appropriate 
constant, the expression 

•147 R«-)- o3R„4- 2-66R, 

is obtained which may be called the weighted rainfall. If the 
weighted rainfall is taken as the abscissa and the area sown 
corrected for the number of wells as ordinate we get a distribution 
of the kind as shown in Diagram II which clearly indicates that 
to a second approximation the date can be fitted with a curve 
of the form 

y" = ax-bx*, 

and after a number of trials the curve 

1 / * 34X-1 ^x* 

was found to be a fair but not a good approximation to the 
cjianges. The curve rises abruptly at the origin, but it would 
have been better to make it rise abruptly at 2" of the rainfall, 
which is about the minimum required for any sowings at all. It 
reaches a maximum at 30* of weighted rainfall, that is to say, 
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beyond that, more rainfall would interfere with sowings. Alwiit 
the same maximum was found for data in the old Delhi 
District. The problem however must be attacked by a systematic 
curve-fitting method, which should substantially reduce the probable 
error of prediction which is 0-676 x 6700 = 3840 acres or 9 per 
cent, of the mean, an appreciably larger error than in the case of 
irrigated wheat, although the coefficient of variation is about the 
same, 22 per cent., in both cases. Even as it is,, the prediction 
afforded is a distinct advance on existing practice. 

Prediction of Outturn. 

Nature of problem,. The next step after . finding out how 
much crop is sown is to find out how much of it is going to come to 
maturity, and that is as for human beings, both a bathmic and an 
environmental problem, condition of seed, state of the seed bed, 
and the treatment and climate from the time of sowing to the time of 
harvesting, being the factors to be taken into account. 

In the present paper unirrigated wheat only is dealt with by 
the statistical method, and the condition of seed has not for the 
moment been taken into account; but the state of the seed bed 
which depends, in the main, on the September and October rainfall, 
is taken into account as well as the rainfalls in each of the subsequent 
winter months, November to March.* The antecedent rotational 
crop which is a very important factor in considering individual 
fields is a quite subsidiary point in the aggregate over such a large 
area as an assessment circle, in which there will be many fields in 
different stages of the crop rotation. As a matter of fact, unirrigated 
wheat is generally sown after a 10 months fallow and is followed 
by cAom, moth, or gmra, in the subsequent June or July {dofasU 
dosda) or on the better class of unirrigated {hamni) soi^, wheat is 
sown year after year {ek fasli ek said) with no intermediate crop. 
The outturn is determined in the Punjab Revenue Papero from t3ie 

* An anUysii whieh aimed At ooiBitlAteaMii would ineliideiietBertlr ndliiMl Stt^ 

all islimatologloal faetore, such ae tempsratniw. sundUne, prao^taiUhn ta ite<WAof 4eWi 
enporstimi, wind, and so ioi^h, defect or excess (rfwhlcA may on wcMIbb Wow 
pWmistns cfcp to a very poor condition. aiwn tiw0]|^DrtanitytlMaM)y)4iWt*WlW^^ 
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apea of the crop which fails to come to maturity, the so-called 
Icharaha which is merely the Patwari’s estimate of the deficiency 
of the particular field below what he considers a normal value. 

His estimate is checked by various Revenue officials of higher 
grade, but it still remains subject to a very large personal equation. 
In particular during the last 15 years there has been much greater 
liberality in allowing Tcharaba, and in dealing with the statistics 
the last 30 years have been divided into two periods. The results 
based on the second period are probably the more reliable. Crop 
experiments are, as at present conducted, of a very perfunctory 
kind, and two or three of them for each principal crop per Tahsil, 
would be required to get results truly indicative of the character of 
the harvest. It is much to be regretted that a proposal to do away 
with crop experiments altogether has been mooted. It is quite 
as important that accurate outturns should be determined for 
crops grown by cultivators under normal conditions, as for crops 
grown for special test purposes by the Agricultural Department. 

Prediction by rmUifle corrdation. Taking the figures for 
Idiaraba as we have them the correlations of rainfall and failed area 
for the various crops are : — 


Correlatiom of percentage kharaba with rainfall in the winter 

months. 



AMHetsmeiit 

Circlo 

I 

Septem- • 
bar 1 

Decem- 

ber 

January 

Febru- 

ary 

March 


I Delta Lelmda .. 



- 0 -36 


-0U7 


Chahi vheat 

< „ Charhda . 







ISirwkl 

(UonftLehndft . 







OImM itU Of ofM) 

< M Charhda . . 

^0-46 





ISirwal 


-005 



-0*16 

JBamii wheat 

(Dona Lehnda 



-0*16 


-007 

\ Charhda 



-0*16 

-026 

-0*26 


ISitwal 



♦ 0*23 




1 Delta Lehnda 



-0*14 



Batani whaat 

< „ Charhda ... 

-0S7 

-n-3» 

-019 

-0*31 


ISirwal 

f Delta liehiida . 

-0*64 


-0-n 


-0*41 

Baraulgiw 

\ ,, Charhda .. 


-0»5i 

-019 


-086 

ISiiwal 







f Dona Lehnda . 


-0-23 

-0*20 


-0*22 

Batani all erope 

< Charhda ... 


-0*40 

-0*17 

-0*32 


Uirwal 

-0-42 

-0*32 

-0-07 

-0'2« 

-0*26 


T|ie Dona Lehnda results are for the 30 years 1886-1915. For 
.CSiaHidE and Sirwal for 1901-1915, 
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A noticeable feature of the figures is the high negative 
correlation with September rainfall, additional evidence, were any 
necessary, of the value of a moist seed bed for germination. 

1 have not had sufficient time at my disposal to discuss in 
great detail the results for all three Assessment Circles, and for this 
reason it was necessary to limit the further analysis to a single 
crop and a single assessment circle. Accordingly the most 
important crop, wheat, has been selected, and that Assessment 
Circle in which the rain gauge is situated. 

I emphasize only tlie Dona Charhda figures for unirrigated 
wheat which are : — 



September 

1 

December 

January 

February 

ISfarch 

Whole. period 1886—1915 

-0-30 

-^0*30 

0-27 

019 

0 24 

Firet „ 1886-1900 

-0*25 

-0-25 

-0*46 

-0*02 

- 019 

Second „ 1901—1916 

-0*37 

-0*40 

-016 

0-26 

0 26 


These figures are consistent inter se and with all the other 
Circles and crops and their significance is accordingly greater than it 
would be if measured merely by their probable errors. 

On the figures of the last 15 years T have calculated a provisional 
regression formula based on the erroneous assumption that the 
rainfalls in these five months are not correlated to each other. 

Actually there is no significant correlation between the rainfalls 
of December and February, January and February, February and 
March. 

In fact the February rainfall seems a very detached effort, but 
there is a substantial correlation in the rainfalls in the other months. 
The concordance between calculation and fact is shown in 
Diagram III. The agreement would have been much better had 
these mutual rainfall correlations been taken into account, but a 
multiple regression formula based on six variables takes a long 
to evaluate time and on account of pressure of much other work 
I had to abandon it. 

Kimer's method. Moreover, Dr. Simpson having drawn my 
attention to an alternative, and in some ways a preferable method 
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of dealing with the problem, 'developed by J. B. Kincer in the Z7. 8. 
Monthly Weather Reoiew of February 1916 for dealing with the 
yield of cotton in Terns, it seemed of importance to apply the 
method to yields of Indian crops. ' Kincer’s results being so good 
that a correlation of 0*88 is obtained. 

Kincer assumes that the most favourable conditions for cotton 
are the normal ones, and that any departures from these, whether 
above or below, whether of rainfall or temperature, are harmful. 
There would seem to be a priori justification for this in dealing 
with a crop with centuries of development in a single place behind 
it, but ea^ert opinion would be advisable before adopting it for 
Indian crops particularly for imported plants 

Kincer adopts certain numerical values for the harm done by 
rain, or heat, or cold, according as a plus deviation follows a plus 


deviation, a minus a 

minus. 

and so 

on, thus 

RAINKykLL 




April 

May 

June 1 July 

August 

1 September 

d- following + or 0 

4 

8 

8 , 4 

4 

4 

+ M -' 

4 

4 

♦> 2 

*2 

3 


4 

5 

6 j 8 

1 

10 

8 

- 0 or t 

*2 

o 


8 

4 


Naturally a sequence ^months with the sanie departure from normal 
is weighted as the most harmful. 

He has a similar table for temperatiu-e : — 



April 




August 

^ September 

+ Temperature with 0 or + 
rain. 

1 

1 1 



1 

1 

+ Twith-R .. 

] 

1 

2 

2 

2 

1 

-Twith-R 

■■ 

S 

2 

2 

2 

2 

-Twith + R ... 

WM 

4 

4 

2 

2 

2 


He has in addition certain slight modifications of the value to be 
nitcodueed when during several months the same conditions obtain. 
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The values are stated “ to have been fixed empirically from a 
general knowledge of the effect or plant development of certain 
combinations of weather,” but what constitutes a plus, zero or a 
minus departure is not stated except that 0'3 of an inch of rain less 
than the normal for April or May is considered as minus. 

Application of Kincer's method to unirrigated wheat. In applying 
Kincer’s method to the yield of uninigated wheat in JuUundur 
District, it seemed much better to assume that all departures of 
rain above the normal are beneficial and wee versd, not because 
this is true for all crops in all places, but because with the soil and 
rainfall which actually obtain in that district, it is very rare for 
excess of rain to be markedly harmful. 

In order to make the scheme as little arbitrary as possible the 
rainfall distribution curves have been plotted for each month, and 
divided into three equal areas which are marked — , 0, + respectively. 

The trichotomy is exhibited in the accompanying Diagram IV. 
Thus : — 
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Rainfalls in each month are then weighted according to the 
following scheme (September rainfall weight = 5). 

Bain departure for Benefit of October and 
September November rain 
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0 0 
20 


Benefit of December 
rain. 
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+ 


(I 


Rain departure 
December 

+ + 

0 

0 4 - 

0 

+ 4 - 

0 

Rain departure 
January 

+ 4 - 

0 

0 + 

0 

+ 

0 

4 - + 

0 

0 + 

?) 


0 

+ -f 

0 

(» 4 * 

0 

4 - 

0 


Beneiit of January 
rain 

1 

2 

3 
2 

4 
8 

4 

5 

Benefit of February 
rain 

1 

2 

8 

2 

8 

4 

8 

4 

5 
2 
8 
4 

3 

4 

5 

4 

5 

6 
8 

4 

5 

4 

5 

6 

5 

6 


The only modification which was necessary to this was the 
addition of the factor 20 to every 0 above 2 in number occurring 
in the months September, December, January, February and 
March, thus indicating that long continued normal conditions fti'e, 
as in the case of cotton in Texas, veiy favourable. 

The weighted rainfall in each month was added together, and 
a coefficient of benefit B obtained, and this was correlated with the 
area of unirrigated wheat for 1900-1916. The correlation is -0-91, 
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even higher than Kincer’s figure of 0’88. The formula giving the 
percentage of failure in terms of the coefficient B is 

K = 24-2 - -asB. 

The kharaba calculated from this formula is plotted with 
the actual figures of Jckaraha in Diagram V. I think the agreement 
of the two values shows that the formula is a very good one and 
affords a posteriori justification of the hypothesis. 

The introduction of suitable corrections for other climatic 
factors, such as temperature, sunshine, evaporation, precipitation 
in the form of dew, wind and the like would improve the prediction 
still further. 

Betterment of Prediction. 

Subsoil water. The method of correlation is not a method 
apart, dissociated from other methods of analysing observed facts ; 
on the contrary, the more physical and chemical laws we can make 
use of before we start correlating the better. 

For example in forming the prediction equations for sown 
areas, we have correlated rainfalls in August, September, and 
October with the areas sown in September, October, and November, 
but what we really want to know is, what the cultivator has a 
shrewd knowledge of, when he puts in his crop, and that is the 
state of the subsoil moisture, and also the temperature of the 
seed bed. 

The problem is, given the rainfall and temperature throughout 
the monsoon period, what is the distribution of the subsoil moisture 
when r<M sowings commence. I have been unable to find even 
in Leather’s valuable researches the. complete answer to this 
question. He has indeed shown,* that if evaporation is an 
ejq>onential function of the time, the quantity of water in the first 
seven feet of Pusa soil can be found from the known temperature 
and humidity from September till June, but as the question of run-off, 
which in the monsoon is* all important, is not quantitatively worked 

out, it does not seem possible to apply the resultB without farther 



* Leather, J, W. Water reqairements of crops in India. Mem< tif Agrh in Indin 

iSfr. vol. I, no, 8. 
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experiment to the Punjab. It seems very desirable to repeat 
the Pusa ei^eriments in all typical Punjab districts, and it should 
be possible as a result of them to state once for all a formula giving 
the soil moisture at the close of the monsoon, for each foot of subsoil 
in terms of the antecedent rainfall and the size and nature of the 
particles composing the soil. 

The complete hydrodynamical solution of the movement of 
the subsoil water has not so far been obtained, but on the assump- 
tion that the velocity is proportional to the first differential of the 
relative saturation of the soil and that the ratio of surface of all 
particles per unit of volume to the s8.turation quantity of moisture 
is constant, an integrable equation results, for a linear change of 
particle surface with depth. 

This is a great limitation. Further experiment in this country 
is urgently required, and from a sufficiently extended series of data 
assumptions could be made leading to a more or less accurate 
general solution. 

Lastly as to the determination of yield, what we want to know 
is not merely what are the optima conditions of soil moisture and 
temperature, but what effect defective conditions have. Thus 
want of water in the first stage of groud'h is said to mean short 
.stalk, but not necessarily small grain ; in the later stages water is 
essential for gi-ain development. 

What is the quantitative expression of this law ? 

According to WaiTen Smith, American corn requires between 40 
to 80 per cent, of the saturation value of moisture for its most 
favourable development, but exactly what will be the development 
of a plant which has, say, 40 per cent, of moisture in one month, 
80 per cent, in the next, 20 per cent, in the next, 30 per cent, in the 
next, and so on ? 

In particular, what in each stage of development is the minimum 
r^uisite to support plant life.* 

* Ldather’e roaearohes throw aome light on this problem, Vol* 1, No. 8 of the Memoin of 
thi Ikpartnyeni of AgrieuU^re in India^ page 146, which shows that for unmanured wheat, an 
increase of soil moisture from.lO to 80 per cent, increases the grain weight by about 80 per cent. 

{Continued on page lOSJ). 
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• PlavU development. To sum up, the method of ooirelation 
enables us to establish prediction formulss of both sowings and 3deld, 
which represent with accuracy the effebt rainfall has on the crops. 
They would undoubtedly be improved by considering the efieot, in 
particular, of prices, crop rotation and temperature, and by incorpo- 
rating all established quantitative laws as to subsoil moisture and 
plant development. Even as it is, the formulae obtained in this 
paper have a definite practical value which modern statesmanship 
cannot afford to ignore. 

Conclusion . — ^In conclusion I wish to express my thanks to the 
kindness of Dr. Gilbert Walker and Dr. Simpson in having most of 
the many coefficients of correlation calculated. 


Between 10 and 20 per cent, the weight of crop inereases nearly in a linear fashion with 
increase of moisture, but though in the case of unmanured wheat diminution of outturn might 
be linear down to zero moisture it is certainly not so for Leather's experiments in the oase of 
manured wheat, and in particular it is important to know what happens with greater 
saturation than 20 per cent. Even this preliminary knowleJge for a pot culture with a 
percentage saturation kept constant throughout the period of development, would give a 
function closely correlated with the actual yield. 
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DONA CHARHDA: (Rail Crops Sown.) 
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DIAGRAM XI. 

EFFECT OF SOIL SATURATION ON YIELD OF WHEAT 
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